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THE  THERIDIID  SPIDER  FAUNA  OF  CHILE 


HERBERT  W,   LEVI 


INTRODUCTION 

Spiders  are  not  good  subjects  for  zoogeo- 
graphic  studies.  The  habit  of  ballooning 
practiced  by  members  of  many  families 
facilitates  wide  distributions,  sometimes 
continuous,  sometimes  scattered.  It  is  there- 
fore not  surprising  that  many  common 
spiders  are  found  over  most  of  Eurasia. 
Others,  perhaps  limited  by  climate  or  com- 
petition, occur  only  in  the  tropics  or  around 
the  Mediterranean.  A  large  number  of 
spiders  have  become  cosmopolitan,  perhaps 
transported  by  man.  In  contrast,  species  of 
orthognath  spiders  (the  mygalomorphs), 
scorpions,  and  wind  scoqiions  (SoHfugae) 
have  limited  distributions,  and  the  American 
species  of  Solifugae  represent  families  not 
found  in  Africa  and  Asia.  Only  one  scor- 
pion, Isometnis  maculatus  De  Geer,  is 
known  to  be  pantropical.  All  others  have 
restricted  distributions,  with  geographical 
races  that  make  study  of  their  species  dif- 
ficult. 

The  theridiid  spiders,  the  American  rep- 
resentatives of  which  I  have  studied  for  the 
last  15  years,  also  have  wide  distributions 
and  many  are  cosmopolitan.  The  great 
majority  of  species,  at  least  in  Europe,  North 
and  South  America  (outside  Chile),  belong 
to  the  genus  Thcridion.  Some  species  of 
Thcridion  are  also  among  the  most  com- 
mon spiders.  The  genus  Thcridion  is  prob- 
ably the  second  largest  spider  genus,  after 
Araneiis,  with  presumably  several  hundred 
species  in  the  Americas. 

It  is  therefore  suqirising  that  the  theridiid 
spider  fauna  of  Chile  is  completely  different 


from  that  of  the  rest  of  the  Americas  and 
Eurasia.  Only  seven  species  of  Thcridion, 
all  uncommon,  are  known  from  Chile.  Most 
Chilean  theridiid  spiders,  including  most 
of  the  common  ones,  belong  to  the  genus 
Anelo.simus\  which  has  more  representatives 
in  Chile  than  in  the  rest  of  the  Americas. 
While  the  genera  Anclosimus,  Episinus, 
and  Styposis  are  distinct  in  other  areas 
studied,  Chilean  species  of  Anclosimus  and 
the  few  Episinus  species  are  probably 
closely  related.  In  Anclosimus  ottritus,  A. 
cpisinoidcs  and  Episinus  portcri,  the  char- 
acteristics of  pigmentation,  shape  of  abdo- 
men, and  genitalia  are  intennediate  be- 
tween the  two  genera.  Episinus  portcri 
and  E.  typicus,  unlike  other  members  of 
their  own  genus,  but  like  Anclosimus,  have 
the  lateral  eyes  close  together.  Styposis 
sclis  from  southern  Brazil  has  genitalia  simi- 
lar to  those  of  Chilean  Anclosimus  species, 
and  presumably  other  species  of  this  rare 
genus  will  be  found  in  the  Southern  Hemi- 
sphere. 

Almost  all  Chilean  theridiid  spiders  are 
endemic.  The  few  that  are  not  include 
Parathcridula  pcrniciosa  and  species  of  the 
genus  Stcatoda.  Stcatoda  grossa  is  cosmo- 
politan, and  S.  ancorota  has  a  wide  distribu- 
tion in  South  America,  where  it  prefers  arid 
areas  ( as  do  two  other  species  of  Stcatoda ) . 
Apparently,  they  have  been  able  to  invade 
Chile  from  the  north.  The  cosmopolitan 
Achacaranca  tepidariorum  is  found  in  cities. 
Even  considering  the  effective  isolation  of 
Chile  by  deserts  to  the  north,  high  moun- 
tains to  the  east,  and  an  ocean  to  the  west, 
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Figure  1.  Ane/os/mus  roseus  (Nicolet),  juvenile  female. 
Abdomen  with  series  of  white  spots  on  purple,  sides 
greenish.  (From  Villarnca,  Cautin  Prov.;  from  color 
transparency.) 


the  amount  of  endemism  is  surprising.  But 
from  south  central  and  southern  Chile  some 
theridiid  species  have  penetrated  into 
Argentina.  Prohalily,  these  are  species  that 
can  live  in  the  forest  that  form  a  barrier 
to  other  species,  but  most  Anelosimus  do 
not  seem  to  be  forest  dwellers  and  thus 
have  not  spilled  eastward,  and  no  rep- 
resentative's of  th(>  genera  (for  instance, 
Theridion )  that  one  expects  to  be  common 
in  southern  Argentina  have  invaded  Chile. 
(  But  south(>rn  Argentine  theridiids  are  not 
well   known.) 

The  Chilean  spider  fauna  strikes  the 
visitor  as  being  poor  in  numlxT  of  species. 
Only  a  few  species  of  Aran(>idae  were  col- 
lected; among  the  commonest  in  cities  \\'ere 
ZiiiiieUa  x-nofata  (Clerck)  and  Arancus 
scricahi.s  r:k>rck  imported  from  Europe.  A 
ZiiiiicUa  x-notata  in  the  city  park  of  Osorno 
had  a  6  cm  long  dried  lizard  hanging  in  its 
web,    which    was    attached    to    a    concrete 


Figure  2.  Ane/os/mus  roseus  (Nicolet),  juvenile  female. 
Abdomen  with  white  band,  sides  purplish  anteriorly, 
green    posteriorly. 


telephone  pole!  The  two  common  species  of 
Arii^iopc  are  the  cosmopolitan  A.  frifasciata 
and  the  tropical  American  A.  ariicntatu.  In 
the  areas  in  which  I  collected  (except  near 
the  coasts )  most  crevices  yielded  only  speci- 
mens of  Ariadna  maxima  (Nicolet),  in  a 
habitat  one  might  expect  to  harbor  Filistota, 
araneids,  agelenids,  dictynids,  and  an  oc- 
casional Ariadna. 

Not  onlv  is  the  extreme  endemism  of 
species  suiprising,  but  so  is  the  green  or 
red  color  of  many  Anelosimus  species  and 
also  of  some  species  of  Araneidae.  Creen 
is  not  a  common  color  among  spiders.  (  Un- 
fortunately, the  green  readiK'  washes  out 
in  alcohol,  leaxing  the  preserxed  speci- 
mens white,  or  white  and  gray. )  The  shade 
of  green  is  variable,  e\en  in  indi\iduals  of 
the  same  species  from  thc>  same  collecting 
site.  ( Though  color  photographs  were  taken 
of  series  collected  at  on(-  site,  th(>  expense 
of  reproducing  them  here  is  jirohibitive. ) 
Crude,  unsuccessful  attempts  wcmc  made  to 
learn  whether  species  of  Anelosimus  and 
Metabus  (Araneidae)  \\\\\  change  their 
color  with  the  background;  there  are  indica- 
tions, Iiowc'Ncr.  that  the  sjiiders  select  a  site 
that  matches  their  color,  it  was  at  first 
very  difficult  \ov  me  to  liiul  tlic  habitats 
of  the  commonest  Anelosimus  species,  m\ 
only  clue  being  that  the\  were  colUx-ted 
by  sweeping  low  \egetation.   The  cobwebs, 
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when  finally  found,  were  in  tips  of  shrubs 
(Fig.  4),  usually  those  having  small  leaves, 
the  light  green  female  under  the  leaf  (Fig. 
5),  and  the  darker  male  along  the  stem  in 
the  same  web. 

Only  a  few  collections  were  available 
from  Juan  Fernandez  Islands  (all  from  one 
island,  Mas  a  Tierra),  650  km  off  the  coast 
of  Chile  at  the  latitude  of  Santiago.  The 
commonest  species  collected  there  is 
Anelosimus  wseiis,  which  is  also  the  com- 
monest species  in  Chile.  Also  included  in 
the  collection  is  one  species  of  Chrijsso  and 
one  of  the  Tlieridion  frondeum  group  ( T. 
anson),  both  species  endemic  to  the  island. 
Neither  is  known  to  have  representatives 
in  Chile.  Of  two  additional  new  species 
from  this  island,  one  is  close  to  Anelosimus 
occlhitus  of  Chile,  the  other  close  to  A. 
tcpiis. 

It  is  unfortunate  that  there  exist  no 
revisions  of  the  spiders  of  Australia,  South 
Africa,  or  as  yet  none  of  the  theridiid 
spiders  of  New  Zealand.  The  fauna  of 
southern  Argentina  also  is  not  well  kno\\'n, 
and  only  a  few  specimens  from  Argentina 
were  at  hand  when  I  revised  the  American 
Theridiidae. 

Some  of  the  earlest  collections  and  de- 
scriptions of  American  spiders  were  made 
by  the  Frenchman,  Nicolet,  in  the  lake  area 
of  Chile  (Levi,  IQe^fc).  Shordy  after  the 
appearance  of  my  paper  on  the  history  of 
19th  century  South  American  spider  studies, 
I  received  a  letter  regarding  Nicolet  from 
Dr.  L.  van  der  Hammen  of  Leiden.  A 
part  of  his  letter  reads,  "Nicolet  must  have 
been  back  in  Paris  already  in  1846.  In  1855 
he  published  a  paper  entitled  'Histoire 
Naturelle  des  Acariens  qui  se  trouvent  aux 
environs  de  Paris.'  In  the  introduction  he 
writes  en  1846  M.  Milne  Edwards  m'ayant 
charge  .  .  .'  Evidently  he  started  his  work 
in  the  Paris  Museum  at  least  in  this  year. 
Part  of  his  types  of  South  American  spiders 
are  apparently  still  present  in  Paris." 

Although  the  South  American  theridiid 
spiders  of  the  Paris  Museum  were  made 
freely    available   to   me   by    Prof.    Vachon, 


Figure  3.  Anelosimus  roseus  (Nicolet),  female.  Abdo- 
men with  light  red  spots  on  bright  red  background. 
(Figures  2,  3  of  specimens  from  Villarrica,  Cautin  Prov., 
from    color    transparencies    taken    with    strobe    flash.) 


there  were  no  specimens  of  Nicolet  among 
them.  After  further  search,  a  collection  was 
found,  only  one  vial  of  which  had  a  label 
in  Simon's  handwriting.  It  appears  that  E. 
Simon,  who  published  many  papers  on 
South  American  spiders,  never  examined 
the  collection.  However,  not  all  of  Nicolet's 
theridiid  spiders  were  included  in  the  newly 
found  collection. 

As  a  result  of  finding  Nicolet's  Chilean 
spider  collection,  there  are  some  changes 
in  names,  emphasizing  again  the  inadvis- 
ability  of  relying  on  early  descriptions  with- 
out reference  to  the  types.  The  Nicolet 
species  were  based  on  color  only,  a  variable 
character.  The  greens  and  reds  rapidly 
wash  out  in  alcohol;  the  white  pigment  is 
lost  slowly.  The  Paris  specimens,  over  120 
years  in  alcohol,  are  almost  all  colorless 
and  in  poor  physical  condition.  An  attempt 
has  been  made  to  determine  the  specimens 
and   match   them   with   recently   collected 
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Figures  4,  5.  Ane/osimus  roseus  (Nicolet).  4.  Web  against  sun.  5.  Female  spider,  after  plant  was  turned  to  get 
spider  into  sunshine.  Spider  with  yellow  median  abdominal  bond,  and  red  lateral  bands.  (Both  from  Petrohue;  from 
color  transparencies.) 
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ones,   designating  lectotypes  where  neces- 
sary. 

In  March  1965,  I  made  a  trip  to  Chile  to 
collect  and  photograph  in  color  the  very 
interesting  theridiid  fauna — so  distinct  from 
the  faunas  of  other  parts  of  South  America — 
and  to  collect  with  field  data.  I  am  grateful 
to  my  many  friends  and  colleagues  for  their 
help,  especially  Mr.  Luis  Peiia  for  advice 
on  collecting  sites.  Prof.  Patricio  Sanchez 
of  the  Universita  Catolica  of  Santiago  for 
his  hospitality  and  advice,  and  to  Prof.  G. 
Mascetti,  Mr.  H.  Perera  L.  and  Senorita 
Joyce  Allen  of  the  Universidad  Austral  de 
Chile  of  Valdivia  for  going  out  of  their 
way  to  help  me  in  my  collecting  efforts. 
The  research  was  supported  in  part  by 
Public  Health  Service  Research  Grant  AI- 
01944  from  the  National  Institute  of  Allergy 
and  Infectious  Diseases. 

As  the  spider  fauna  of  Chile  is  distinct 
from  that  of  the  rest  of  America,  this  paper 
is  published  separately  from  one  on  South 
American  theridiids. 

A  recent  list  of  Chilean  theridiid  spiders 
was  prepared,  mainly  from  the  literature, 
by  Archer  (1963).  But  as  no  illustrations 
or  references  to  such  accompany  the  text, 
the  records  were  not  used. 

CATALOG  OF  CHILEAN  THERIDIID  SPIDERS 

The  areas  of  northern  and  southern  limits 
of  distribution  are  given. 

Achaearanea  chilensis  Levi:   Aconcagua 

A.  Iota  Levi:    Concepcion 

A.  teja  sp.  n.:   Valdivia 

A.  tepidariorum  (C.  L.  Koch):  cosmo- 
politan, Taltal,  Antofagasta,  Santiago 

Anclosimiis  attritiis  (Nicolet):  Coquimbo 
to  Llanquihue  and  Juan  Fernandez  Is- 
lands 

A.  camotccnsis  sp.  n.:  Juan  Fernandez  Is- 
lands 

A.  carelmapucnsis  Levi:  Llanquihue  to 
Magallanes 

A.  Casablanca  Levi:    Coquimbo  to  Malleco 


A.  episinoides  Levi:    Linares 

A.  hdsi  sp.  n.:    Arauco  to  Tierra  del  Fuego 

A.  ma'^allancs  Levi:  Osorno  to  Tierra  del 
Fuego 

A.  michacJscni  (Simon):  Nuble  to  Magal- 
lanes 

A.  occUafus  (Nicolet),  n.  comb.:  Cautin  to 
Chiloe 

A.  osorno  Levi:    Osorno 

A.  poiiazuelo  sp.  n.:  Juan  Fernandez  Is- 
lands 

A.  purpureus  (Nicolet),  n.  comb.:  Co- 
quimbo to  Magallanes 

A.  roseiis  (Nicolet),  n.  comb.:  Antofagasta 
to  Chiloe,  Juan  Fernandez  Islands,  the 
commonest  theridiid  in  Chile  and  on 
Juan  Fernandez  Islands 

A.  temuco  hevi:   Cautin 

A.  tepus  sp.  n.:   Osorno 

A.  ventrosus  (Nicolet),  n.  comb.:    Arauco 

to  Tierra  del  Fuego 
A.  wcllin^toni  sp.  n.:    Magallanes 

Argyrodes  Pelevatus  Taczanowski:  Co- 
quimbo 

Chnjsso  hackstromi  (Berland):  Juan 
Fernandez  Islands 

Dipoena  cldUana  Levi:     Linares  to   Nuble 

D.  ohigginsi  Levi:   O'Higgins 
EnoplognatJui  zapfcae  Levi:   Tarapaca 
Episinus  portcri  ( Simon ) ,  n.  comb. :   Cautin 

to  Tierra  del  Fuego 

E.  typiciis  (Nicolet):    Arauco  to  Chiloe 

Latrodectus  sp.  The  species  once  was  er- 
roneously thought  to  be  L.  curacaviensis 
(Miiller).  It  is  not  known  whether  this 
species  is  the  same  one  found  in  northern 
Argentina  or  is  endemic.  It  is  possible 
that  L.  mactans  (Fabricius)  occurs  in 
Chile;  much  work  must  be  done  on  the 
difficult  but  medically  important  species 
of  Latrodectus  before  we  will  know.  Speci- 
mens come  from  the  provinces  of  Valdivia 
and  Santiago,  others  as  far  south  as  the 
Straits  of  Magallan. 

Paratheridida      perniciosa      (Keyserling) : 
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Figures  6,  7.  Anelosimus  ocellatus  (Nicolet).  Females.  6.  Color  of  spider  green  with  a  red  mork  on  each  side  of 
abdomen.  7.  Color  of  spider  green  with  a  white  band  on  each  side  of  abdomen.  (Petrohue;  to  obtain  sufficient  light 
for    photographing,    the    plant    was    turned;    from    color    transparencies.) 
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southern  United  States  to  Chile  and  prob- 
ably Argentina 
Phoroncidia   coquimbo    Levi:     Coquimbo 
P.  mar^amarga  Levi:   Valparaiso  to  Osorno 
P.  puijchue  sp.  n.:    Osomo 
P.  scutula  (Nicolet):    Bolivia  to  Aysen 
Stcafoda  ancorata  (Holmberg):    Mexico  to 

southern  Argentina  and  southern  Chile 
S.     andina      (KeyserHng):       Ecuador     to 

Tarapaca 
S.    grossa    (C.    L.    Koch):     cosmopolitan, 

Antofagasta  to  Osorno 
S.  porteri  (Simon):    Atacama  to  Coquimbo 
S.  sabuloso  (Tullgren):    Bolivia  to  Magal- 

lanes,  southern  Argentina 
TJwridion   agreste   Nicolet:     Coquimbo   to 

Magallanes 
T.  alholincatiim  Nicolet:    Valdivia 
T.  anuirga  sp.  n.:    Linares  to  Magallanes; 

Santa  Cruz,  Argentina 
T.     amhiguum     Nicolet:       Concepion     to 

Llanquihue 
T.  anson  sp.  n.:    Juan  Fernandez  Islands 
T.  aJhoJincaium  Nicolet:    Valdivia 
T.     juncnirium     Nicolet:      This     mav     be 

Colcosorna  fJoridonum  Banks. 
T.  linaresense  Levi:    Santiago  to  Linares 

Erroneous  record:  Helvilyis  chilensis 
(KeyserHng,  1884)  probably  comes  from 
the  upper  Amazon  Basin,  where  a  male 
matching  the  female  type  has  been  found. 
All  other  species  of  Helvibis  come  from  the 
Amazon  region. 

KEY  TO  GENERA  OF  THERIDIID  SPIDERS 
OCCURRING  IN  CHILE 

For  determining  species,  it  will  be  neces- 
sary to  refer  to  the  keys  and  illustrations 
in  my  revisions  of  American  Theridiidae 
listed  in  the  references.  Names  that  had 
to  be  changed  as  a  result  of  the  discovery  of 
the  Nicolet  collection  are  discussed  below. 

la.    Abdomen  heavily  sclerotized,  with  plates 

(Figs.    21,    26)    Phoroncidia 

lb.    Abdomen    soft    2 

2a.  Fleshy  colulus  between  anterior  spin- 
nerets {Anelosimus  ventrosus,  Enoplo- 
gnaiha,    Latrodectus,    Steafoda)    3 

2b.  No  colulns  or  two  setae  between  anterior 
spinnerets 7 


.3a. 
31). 
4a. 

4b. 


5a. 
5b. 
6a. 
6b. 

7a. 

7b. 
8a. 

8b. 
9a. 

9b. 

10a. 

lOb. 
11a. 

lib. 
12a. 
12b. 


Chelicerae  without  teeth  Latrodectus 

Chelicerae  with  teeth  4 

Abdomen  ovoid,  eye  region  of  male  with- 
out projections  5 

Abdomen  drawn  out  beyond  spinnerets 
or  high;  eye  region  of  male  with  pro- 
jections   Argijrodes 

Chelicerae  with  teeth  on  anterior  mar- 
gin   only    Steatoda 

Chelicerae    with    teeth    on    anterior    and 

posterior  margin  6 

Chelicerae   with   a   blunt  small   tooth   on 

posterior   margin   Enoplognatha 

Chehcerae  with  a  row  of  small  teeth  on 
posterior  margin  ...  Anelosimus  ventrosus,  A. 

wellingtoni 
No     setae     between     anterior    spinnerets 
(Achaearanea,     Chrijsso,     Paratheridula, 

Thcridion  )   8 

Two  setae  between  anterior  spinnerets  ....   11 
Abdomen  higher  than  long,  with  streaks 

down  sides  Achaearanea 

Abdomen  longer  than  wide  or  high  9 

Abdomen  with  a  dorsal  posterior  hump; 
from  Juan  Fernandez  Islands  only  ...   Chrijsso 
Abdomen  without  dorsal  posterior  hump 

10 

One     tooth      on      posterior     margin     of 

chelicerae    Paratheridula 

No   teeth   on  posterior   margin   ....    Thcridion 
Abdomen    pear-shaped    or    with    humps 
much  longer  than  wide  (Fig.  39)  __  Episinus 
Alxlomen   o\a];    or   if  with   humps    (An- 
elosimus atfritus,  A.   episinoides) ,   abdo- 
men as  wide  or  wider  than  long  12 

Chelicerae  with  a  posterior  row  of  small 
teeth,   females   usually   with   one   pair  of 

seminal     receptacles     Anelosimus 

Chelicerae  without  teeth  on  posterior 
margin,  females  with  two  pairs  of  seminal 
receptacles  Dipoena 


COMMENTS  ON  INDIVIDUAL  SPECIES 

Paratheridula    perniciosa    (Keyserling) 

Paratheridula  quadrimaculata,  — Levi,  1957:    106, 

figs.  1-6,    9  $ ,  map. 

This  tiny  species  has  been  collected  in 
Osorno  Province:  18  km  west  of  Purranque, 
10  km  east  of  Puyehue,  both  by  E.  S.  Ross 
and  A.  E.  Schlinger  in  January  1951. 

It  is  believed  to  live  under  rocks  in  fields 
and  parks. 

Achaearanea  tepidariorum  (C.  L.  Koch) 

Achaearanea  tepidariorum,  — Levi,  1955:  32,  figs. 
69-70,  83-84,   ?  S ;  1963c:    215,  map  1. 

This    cosmopolitan    species,    which   may 
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be  native  to  Peru,  is  known  from  Taltal, 
Antofagasta,  Santiago.  Individuals  were 
collected  on  buildings  in  Villarrica,  Cautin. 

Achaeoranea  teja  sp.  n. 
Figures  8-10 

Holotypc.  Female  from  Isla  Teja,  Valdivia, 
Prov.  Valdivia,  on  farmland,  6  March  1965 
(H.  Levi),  in  the  Museum  of  Comparative 
Zoology.  The  specific  name  is  a  noun  in 
apposition,   after  the  type  locality. 

Description.  Carapace  and  sternum  dark 
brown.  Legs  yellow-white  with  dark  brown 
rings.  Abdomen  has  the  lateral  black  and 
white  stripes  characteristic  of  many  species 
of  the  genus.  There  is  a  median  dorsal 
longitudinal  dark  mark  and  one  or  two 
pairs  of  white  spots  on  the  venter.  An- 
terior median  eyes  slightly  smaller  than 
others,  one  and  one-half  diameters  apart, 
almost  touching  laterals.  Posterior  median 
eyes  one  diameter  apart,  a  little  less  than 
one  diameter  from  laterals.  Abdomen  higher 
than  long,  with  a  median  tubercle.  Total 
length,  2.5  mm.  Carapace,  1.0  mm  wide, 
1.1  mm  long.  First  femur,  1.7  mm;  patella 
and  tibia,  1.6  mm;  metatarsus,  1.4  mm; 
tarsus,  0.6  mm.  Second  patella  and  tibia, 
1.1  mm;  third,  0.8  mm;  fourth,  1.3  mm. 

Dici'^nosis.  Achacaranca  teja  differs  from 
A.  le^uioi  (Chambcrlin),  found  in  Peru, 
by  being  smaller,  and  by  the  epigynum  (Fig. 
10),  the  scleroti/ed  plate  of  which  is  wider 
than  long,  while  in  A.  leg,uiai  it  is  longer 
than  wide. 

Records.  Tliree  9  paratypes  collected 
with  holotype,  one  deposited  in  the  Ameri- 
can Museum  of  Natural  History. 

Theridion  agreste  Nicolet 

Thcridion    agreste    Nicolet,     1849:      540.     Female 
lectotype     here     designatctl     and     jn\ .      9 ,      i 
parak'ctotypes,     fiom    JaiKiiii(|U('     [l.laiKiiiihiirl, 
Chile,    are    in    the    Mnsenni    National    dJIistoire 
Natinelle,    I'aris;    examined. 

Theridion    (unl>igtuinu    — Levi,    I9(i3d:     538,    ii^s. 
54-58,    9  6  ■    Not  T.  aml)igiiuni   Nieolet. 

Additional  record.  Cocjnimbo:  Llai)c'I, 
Caimanes  (H.  Zaplc  dc  Mann). 


Theridion  ambiguum  Nicolet 

Theridion  andjigtiiim  Nicolet,  1849:  532.  Three 
female  syntypes  from  V^ildivia,  Chile,  in  the 
Museum  National  d'Histoire  Naturelle,  Paris; 
examined.    Not  T.  an}})igtiuni,  — Levi,   1963d. 

Theridion  penai  Levi,  1963d:  537,  fijis.  52,  53  9. 
Female  holotype  from  Nhudlin  Llanquihue, 
Chile,  in  the  Institut  Royal  des  Sciences  Naturel- 
les  de   Belgique,   Brussels.     NEW   SYNONYMY. 

Theridion  albolineatum  Nicolet 
Figures    14-15 

Theridion  albolineatum  Nicolet,  1849:  .533.  Fe- 
male lectotype  here  designated  from  Valdi\ia, 
Chile,  in  the  Museum  National  d'Histoire 
Naturelle,  Paris;  examined.  Not  Anelosinui.s 
alholincatiis,  — Levi,  1963a. 

Description.  Nicolet's  specimens,  after 
130  years  in  alcohol,  lack  coloration.  Tlie 
anterior  median  eyes  are  slightly  smaller 
than  the  others,  two  diameters  apart,  one 
diameter  from  laterals.  Posterior  eyes  are 
one  and  one-quarter  diameters  apart.  The 
abdomen  is  spherical.  Total  length  4.2  mm. 
Carapace  1.3  mm  long,  1.2  mm  wide.  First 
patella  and  tibia,  2.0  mm;  second,  1.5  mm; 
third,  1.1  mm.  Fourth  femur,  1.6  mm; 
patella  and  tibia,  1.7  mm;  metatarsus,  1.4 
mm;  tarsus,  0.8  mm.  The  indistinct  epig- 
ynum (Fig.  15)  has  two  dark  spots  with 
seminal  receptacles  showing  through  the 
integument  anteriorly. 

Record.  One  paralectotNpc  original!)  in 
the  same  vial  as  the  lectotype, 

Theridion  linaresense  Levi 

Theridion  linaresen.se  Le\i,  1963d:  537,  figs.  50- 
51.  Female  holotype  from  Linares,  Linares 
Prov.,  Chile,  in  the  Institut  H()\  al  des  Sciences 
Naturelles  de  Belgi(iue,    Brussels. 

Record:  Santiaii,o:  C^aracavi,  30  Septem- 
ber 1964,    9  9    (II.  Zapfe  dv  Mann). 

Theridion  amarga  sp.  n. 

'riieridi<ni  foliaceuni,  — Le\  i,  1963d:  .5.>6,  figs.  44- 
16,    9  i.    Not    '/'.  folidceiiin    Nieolet. 

Holotype.  l<\'male  from  Laguna  Amarga, 
Nalales,  Magallanes,  Chile,  14-21  Dec. 
1960  (L.  Pena),  in  the  Museum  of  Com- 
parati\(>  Zoologx .  I4ie  specific  nam(>  is  a 
noun  in  apposition,  alter  the  t\pe  locality. 
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Theridion  anson  sp.  n. 
Figures    11-13 

Ilolotype.  Male  from  Plazoleto  de  Yun- 
que,  Valle  Anson,  200-250  m,  Isla  Mas  a 
Tierra,  Juan  Fernandez  Islands,  1-28  April 
1962  (B.  Malkin),  in  die  American  Museum 
of  Natural  History.  The  specific  name  is  a 
noun  in  apposition,  after  the  type  locality. 

Description.  The  spider  is  yellow-white 
except  for  the  l:)lack  e\'e  region  and  clypeus 
and  a  wide  black  median  dorsal  band  and 
a  wide  bkick  margin  around  the  carapace. 
The  legs  are  yellow-white  with  the  distal 
ends  of  the  femora  and  tibiae  black,  darker 
on  venter.  The  dorsum  of  the  abdomen  has 
white  pigment  spots,  the  sides  have  some 
black  pigment  spots,  and  there  is  a  trans- 
verse band  of  black  spots.  Anterior  median 
eves  smaller  than  others,  one  and  one-half 
diameters  apart,  two  diameters  from  lat- 
erals. Posterior  median  eyes  one  diameter 
apart,  two  diameters  from  laterals.  Ab- 
domen (juite  long.  Total  length  2.9  mm. 
Carapace,  1.3  mm  knig,  1.1  mm  wide.  First 
femur,  3.2  mm.  Second  patella  and  tibia, 
1.9  mm;  third,  1.2  mm;  fourth,  1.9  mm. 

Diagnosis.  Tliis  species,  which  belongs 
to  the  Theridion  frondciim  group,  can  be 
differentiated  from  others  bv  the  verv  long 
femur  of  the  palpus,  0.8  mm  long,  and  by 
the  very  long  endites  of  the  palpal  coxae 
(Fig.  13).  Also  the  palpus  (Figs.  11,  12) 
is  distinct. 

Habits.  The  long  legs  suggest  that,  un- 
like other  Theridion  species  found  in  Chile, 
this  species  lives  in  vegetation  rather  than 
under  stones. 

Records.  Fragments  of  a  male  paratype 
collected  with  holotype. 

Chrysso  backstromi  (Berland) 

Theridion  hdckstronn  Berland,  1924:  426,  figs.  4- 
6  9 .  Female  liolotype  from  Juan  Fernandez 
Islands,  in  the  Natural  History  Museum,  Stock- 
holm. 

Chnjsso  hack.slioiiii,  — Levi,  1962b:  230,  figs.  58- 
60,   9. 

This  species,  previously  kno\\'n  only  from 
the  holotype,  is  variable,  as  are  Chilean 
Anclosimiis.  Of  the  specimens  on  hand,  no 
two   have   the   same   distribution   of  black 


and  white  pigment,  and  in  some  the  black 
pigment  pattern  on  the  abdomen  resembles 
that  of  Episinus.  It  would  be  interesting  to 
know  whether  it  is  brightly  colored  in  life. 
Record.  Juan  Fernandez  Islands:  Isla 
Mas  a  Tierra,  Valle  Anson,  200-250  m, 
April  1962  (B.  Malkin). 

Anelosimus  roseus  (Nicolet)  new  combination 
Figures  1-5 

Tluvidion  rosciim  Nicolet,  1S49:  527.  Female 
syntypes  from  Valdivia,  Chile,  in  the  Museum 
National   d'Histoire   Naturelle,    Paris;   examined. 

Theridion  ruhicundtnn  Nicolet,  1849:  530.  Male 
lectotype  here  designated,  female  paralecto- 
types,  from  Valdivia,  Chile,  in  the  Museum 
National  d'Histoire  Naturelle,  Paris;  examined. 
NEW  SYNONYMY. 

Theridion  bucculentum  Nicolet,  1849:  531.  Two 
males,  one  female,  syntypes  from  Chile,  in  the 
Museum  National  d'Histoire  Naturelle,  Paris; 
examined.  NEW  SYNONYMY.  Not  Anelosimus 
hucculentus,  — Levi,   1963a. 

TJieridion  opinitim  Nicolet,  1849:  534.  Female 
liolotype  from  Chile,  in  the  Museum  National 
d'Histoire  Naturelle,  Paris;  examined.  NEW 
SYNONYMY. 

Tlieridion  foliaeeuni  Nicolet,  1849:  538.  Female 
syntypes  from  Chile,  in  the  Museum  National 
d'Histoire  Naturelle,  Paris;  examined.  NEW 
SYNONYMY.  Not  Tlieridion  foliaceum,  —Levi, 
1963d. 

Tlieridion  firaeile  Keyserling,  1884:  32,  pi.  2,  fig. 
16,  9  .  Female  lectotype  from  Chile,  in  the 
Museum  National  d'Histoire  Naturelle,  Paris; 
examined.    NEW  SYNONYMY. 

Anelosimus  <iraeilus,  — Levi,  1963a:  37,  figs.  5-13, 
9  S. 

This  is  the  commonest  Chilean  theridiid 
species,  also  common  on  Juan  Fernandez 
Islands.  It  is  collected  by  sweeping  low 
shrubs.  At  the  ti]:)s  of  the  shrubs  it  makes 
a  fine  cobweb,  about  50  cm  to  1  m  from 
the  ground  (Fig.  4).  The  male  tends  to  sit 
along  the  stem,  the  female  under  a  leaf  or 
in  a  leaf  axil  in  the  same  web  (Fig.  5). 
One  egg  sac,  photographed,  seemed  to  be 
attached  to  the  substrate,  while  in  other 
Anelosimus  species  observed,  the  female 
was  seen  to  carry  the  egg  sac  or  suspend  it 
in  a  web. 

The  abdomen  of  the  male  is  bright  red 
to  purplish  red;  that  of  the  female  may  be 
bright  green.  Often  the  female  has  a  wide 
median  pigment  stripe    (Figs.  2,  5),  with 
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the  sides  bright  green,  or  bright  red  to 
brown.  No  two  specimens,  even  of  those 
collected  together,  were  the  same  color,  an 
observation  that  is  supported  by  the  color 
photographs  (Figs.  1-3).  As  far  as  is 
known,  this  species  occurs  from  Antofa- 
gasta  Province  to  Chiloe. 

Anelosimus  purpureas   (Nicolet),   new  com- 
bination 

Theridion  purpuretim  Nicolet,  1849:  529.  Female 
lectotype  here  designated,  from  Chile,  in  the 
Museum  National  d'Histoire  Naturelle,  Paris; 
examined. 

Theridion  tramverstim  Nicolet,  1849:  529.  Several 
specimens  that  may  have  been  Nicolet's  are  in 
the  Museum  National  d'Histoire  Naturelle,  Paris. 
They  have  a  label  written  l;)y  E.  Simon  and  the 
number  3426.  The  specimens  came  from  \'al- 
divia,  as  do  the  types.  Presumably  Simon  wrote 
a  new  label  and  discarded  the  original  one. 
NEW   SYNONYMY. 

Anelosimus  bucculentus,  — Levi,  1963a:  41,  figs. 
27-30,    9,    ^.    Not  T.  httcculentum  Nicolet. 

The  sides  of  the  dorsum  of  the  abdomen 
of  a  recently  collected  female  are  purple, 
the  middle  gray,  the  sides  gray.  There  is  a 
white  spot  on  the  dorsum  some  distance 
from  the  spinnerets.  Another  specimen  had 
the  sides  of  the  carapace  orange,  the  center 
brown  and  a  black  V  between.  The  sternum 
was  orange.  The  abdomen  had  a  wide, 
longitudinal,  median  black  band;  on  the 
sides,  a  white  line  and  puiple  between  the 
black  and  white.  On  the  sides  of  the  white 
line  was  some  black  pigment;  the  legs  and 
venter  were  yellow-white.  The  species  is 
known  from  Coquimbo  Province  south  to 
Magallanes. 

Additional  records.  Llanquihiie:  En- 
senada,  in  low  vegetation  of  beach  of  Lago 
Llanquihue,  9  ;  Petrohue,  200  m,  in  low 
vegetation.    Magallanes:    Puerto  Eden,  ca. 


49°S,  Wellington  Isl.  Dec.  1962,    $    (P.  J. 
Darhngton). 

Anelosimus    ocellatus    (Nicolet),    new   com- 
bination 
Figures  6,  7,  27 

Theridion  ocelloftnn  Nicolet,  1849:  532.  Female 
lectotype  here  designated,  from  Chile,  in  the 
Musemn  National  d'Histoire  Naturelle,  Paris; 
examined. 

Theridion  viride  Nicolet,  1849:  .536.  Female 
lectotype,  one  female  paralectotype  here  desig- 
nated, from  Chile,  in  the  Museum  National 
d'Histoire  Naturelle,  Paris;  examined  (a  male 
paralectotype  is  A.  niichaelseni  Simon).  NEW 
SYNONYMY.    Not  T.  viride  Wider,  1832. 

Theridion  virgulaium  Nicolet,  1849:  .537.  No 
specimens  so  labelled,  but  specimens  labelled 
Theridion  varic^atum  Nicolet.  Holotype  from 
Chile,  in  the  Museum  National  d'Histoire 
Naturelle,  Paris;  examined.  NEW  SYNONYMY. 
Not  T.  variegatum  Brulle,  1832. 

Theridion  viriduhtm  Roewer,  1942:  500.  New 
name  for   T.  viride  preoccupied. 

Anelosimus  chiloensis  Levi,  1963a:  41,  figs.  25, 
26,  9  .  Female  holotype  from  Chaiten,  Chiloe, 
Chile  ( L.  Peiia),  in  the  Institut  Royal  des 
Sciences  Naturelles  de  Belgique,  Brussels. 
NEW  SYNONYMY. 

Description.  Male.  Carapace  light 
brown.  Abdomen  with  a  median  white 
band  and  a  black  spot  posteriorly  on  dor- 
sum. All  eyes  very  small,  anterior  medians 
smallest.  Posterior  median  eyes  slightly 
oval  with  the  long  diameter  lying  in  an- 
teroposterior direction.  Anterior  median 
eyes  less  than  two  diameters  apart,  one  and 
one-half  from  laterals.  Posterior  eyes  two 
(short)  diameters  apart.  Total  length,  2.7 
mm.  Carapace,  1.3  mm  long,  0.9  mm  wide. 
First  femur,  2.4  mm;  patella  and  tibia,  2.9 
mm;  metatarsus,  1.5  mm;  tarsus,  0.8  mm. 
Second  patella  and  tibia,  1.6  mm;  third, 
0.9  mm;  fourth,  1.3  mm. 

Diannosis.     This    species    is    difficult   to 


Figures   8-10.     Achaearanea   teja  sp.    n.    8,    9.     Female   genitalia.      8.     Mesal    view.     9.      Dorsal    view.      10.      Epigynum. 

Figures    11-13.      Theridion    onson    sp.    n.      11,    12.      Left    palpus.     11.      Ectal    view.     12.      Ventral   view.     13.      Labium,    endites 

of  polpdl   coxae    and    cheliceroe    in   ventral   view. 

Figures    14-15.     Theridion    albolineatum    Nicolet.      14.      Female   genitalia,    dorsal    view.     15.     Epigynum. 

Figures    16-18.     Phoroncidia    margamarga    Levi.      16.      Left    palpus,    ventral    view,     17,    18.     Male. 

Figures    19-22.     Phoroncidia  .scutu/a   (Nicolet).     19.      Female   genitalia,    dorsal    view.      20.     Epigynum.      21-22.      Female. 

Figures   23-26.     Phoroncidia   puyehue   sp.    n.     23.      Female   genitalia,    dorsal    view.     24.     Epigynum.     25-26.     Female. 
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identify.  Tlie  epigyiia  are  lightly  sclero- 
ti/ed  and  variable  among  individuals.  The 
living  animals,  light  green  with  white  or 
red  spots,  are  found  under  leaves  of  herba- 
ceous plants  (Figs.  6,  7).  The  green 
washes  out  almost  immediately  in  alcohol. 
The  males  and  females  were  not  collected 
together  and  there  remains  slight  doubt 
that  they  belong  together. 

Records:  Cautin:  Villarrica  9.  Val- 
(licia:  Valdivia  6  .  Osomo:  Termas  de 
Puyehue  9.  Llanquihue:  Petrohue  9; 
Peulla   S  . 

Anelosimus  luisi  sp.  n. 

Anclosimits  alboUncatu.s,  — Levi,  1963a:  42,  figs. 
3.5-38,   5  6  .   Not  Thcridion  alholincatus  Nicolet. 

Holott/pe:  Female  from  Cameron,  Tierra 
del  Fuego,  Magallanes,  Chile,  14  Nov.  1960 
( L.  Pena ) ,  in  the  Museum  of  Comparative 
Zoology.  The  species  is  named  after  its 
collector,  Luis  Peria. 

Distribution.  C>hile  from  Province  Arauco 
to  Tierra  del  Fuego. 

Anelosimus  carelmapuensis  Levi 
Figure  33 

Anelosimus  carelmaptiemis  Levi,  1963a:  45,  figs. 
45-48,  9 .  Female  holotype  from  Carelmapu, 
Llanquihue,  Chile,  in  the  Institvit  Royal  des 
Sciences  Naturelles  de  Belgique,  Brussels. 

This  species  has  been  known  only  from 
the   type   specimen. 

Description.  Male.  Carapace  yellow 
with  a  gray  band  as  wide  as  eye  region 
in  front,  narrowing  on  thorax;  black  rings 
around  eyes.  Legs  light  brown  with  indis- 
tinct lighter  rings.  Abdomen  light  on  each 
side,  with  gray  and  white  spots  on  dorsum, 
black    patch    above    spinnerets.     Posterior 


median  eyes  wider  than  long,  anterior 
median  eyes  smallest.  Anterior  median 
eyes  one  diameter  apart,  one  diameter  from 
laterals.  Total  length,  2.7  mm.  Carapace, 
1.3  mm  long,  1.1  mm  wide.  First  femur, 
2.5  mm;  patella  and  tibia,  2.8  mm;  meta- 
tarsus, 1.9  mm;  tarsus,  0.9  mm.  Second 
patella  and  tibia,  1.7  mm;  third,  1.2  mm; 
fourth,  1.3  mm. 

Additional  record.  Map,oU(ines:  Puerto 
Eden,  ca.  49°  S.  Wellington  Island,  Dec. 
1962,  9  (P.  J.  Darlington);  10-13  Dec. 
1962,  6  ;  L3-15  Dec.  1962,  6  ( P.  J.  Dar- 
lington ) . 

Anelosimus  magallanes  Levi 

Anelosiviiis  iiiagaUanes  Levi,  1963a:  42,  figs.  31- 
34,  9  i .  Male  holotype  from  Cameron,  Tierra 
del  Fuego,  Magallanes,  Chile,  in  the  Museum 
of   Comparati\e   Zoology. 

After  one  year  in  alcohol  the  carapace 
is  brown  in  the  middle.  The  dorsum  of  the 
abdomen  has  a  broad  transverse  band 
made  up  of  white  pigment  spots,  that  di- 
vides the  abdomen  into  equal  thirds.  The 
anterior  third  is  black  \\'ith  a  purple  area 
posteriorly  on  each  side  toward  the  white 
band;  the  area  posterior  of  the  white  band 
is  purple.   All  other  parts  are  yellow-white. 

Additional  record.  Osomo:  Tennas  de 
Puyehue,  240  m,  14  March  1965,    9  . 

Anelosimus   venfrosus    (Nicolet),    nev/   com- 
bination 

Therklion  ventrosum  Nicolet,  1849:  536.  Female 
lectotype  here  designated,  from  Chile,  in  the 
Museum  National  d'Histoire  Naturelle,  Paris; 
examined. 

Theridion  recurvatum  Tullgren,  1901:  191.  Fe- 
male holotype  from  Patagonia,  in  the  Natural 
History  Museum,  Stockholm;  examined.  NEW 
SYNONYMY. 


Figures    27.      Anelosimus    ocellatus    (Nicolet),    left    palpus. 

Figures    28-29.      Anelosimus    fepus    sp.    n.      28.      Female    genitalia,    dorsal     view.      29.      Epigynum. 

Figures   30-32.      Anelosimus  camoteensis   sp.    n.     30.      Female  genitalia,    dorsal    view.     31.      Epigynum 

Figure     33.      Anelosimus     carelmapuensis     Levi,     left     palpus. 

Figures    34-36.      Anelosimus    portazuelo    sp.    n.     34.      Female    genitalia,     dorsal     view 

Figures    37-38.      Anelosimus   wellingtoni   sp.    n.     37.      Female   genitalia,    dorsal    view. 

Figures     39-42.     fpisinus     porten     (Simon).      39.      Female.      40.     Left     palpus.      41. 

Epigynum. 


32.     Left    palpus. 
36.      Left     palpus. 


35.  Epigynum 
38.  Epigynum. 
Female     genitalia,     dorsal     view 


42. 
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Anelosimus  recurvatus,  — Levi,  1963a:  45,  figs. 
49-52,    9  c^ . 

Note.  One  female  marked  T.  ventrosum 
from  the  Chilean  Nicolet  collection  is 
Enoplofinatho  ovata  (Clerck)  of  Europe. 
This  species  is  not  known  to  have  been 
transplanted  to  Chile. 

Anelosimus  michaelseni  (Simon) 

Thcridiou  michaehcni  Simon,  1902:  14.  Female 
holotype  from  Tierra  del  Fuego,  in  the  Museiun 
National  d'Histoire   Naturelle,   Paris;    examined. 

Anelosimus  michaelseni,  — Levi,  1963a:  44,  figs. 
41-44,    9  S,  map. 

Additional  record.  Llanquihue:  Petro- 
hiie,  200  m,  in  low  shrubs,  20  March  1965, 

S. 

Anelosimus  porfazuelo  sp.  n. 
Figures  34-36 

Holotype.  Female  from  Portazuelo  trail, 
Isla  Mas  a  Tierra,  Juan  Fernandez  Islands, 
7  April  1962  (B.  Malkin),  in  the  American 
Museum  of  Natural  History.  The  specific 
name  is  a  noun  in  apposition,  after  the  type 
locality. 

Description.  In  alcohol,  the  specimens 
are  completely  yellow-white,  with  some 
white  pigment  spots  on  dorsum  of  abdo- 
men. (In  some  specimens,  there  are  white 
spots  around  the  sides. )  Eyes  of  female 
are  small  and  equal  in  size.  Anterior  me- 
dian eyes  two  diameters  apart,  three  diam- 
eters from  laterals.  Posterior  eyes  three 
diameters  apart.  Chelicerae  with  three 
teeth  on  anterior  margin,  fofir  denticles  on 
posterior  margin.  Abdomen  suboval.  Total 
length,  2.7  mm.  Carapace,  1.1  mm  long, 
1.1  mm  wide.  First  femur,  1.9  mm;  patella 
and  tibia,  1.6  mm;  metatarsus,  1.5  mm; 
tarsus,  0.8  mm.  Second  patella  and  tibia, 
1.0  mm;  third,  0.7  mm;  fourth,  1.1  mm. 

Male  has  anterior  median  eyes  smaller 
than  others,  two  diameters  apart  and  more 
than  three  diameters  from  laterals.  Poste- 
rior median  eyes  two  and  one-half  diameters 
apart,  three  diameters  from  latcMals.  Total 
length,  2.5  mm.  Carapace,  1.3  mm  long, 
1.3  mm  wide.  V\vs[  femur,  2.5  mm;  patella 
and    libia,    3.2    mm;    metatarsus,    2.7   mm; 


tarsus,  0.9  mm.  Second  patella  and  tibia, 
1.7  mm;  fourth,  1.5  mm. 

Diag,nosis.  Only  the  genitalia  (Figs.  34- 
36)  separate  this  small-eyed  Anelosimus 
from  A.  ocellaius.  Unlike  all  other  species 
the  female  has  two  pairs  of  seminal  re- 
ceptacles of  variable  distance  from  each 
other  (Fig.  34).  The  epigynum  is  an  in- 
distinct stiTicture. 

Records.  Juan  Fernandez  Islands:  Isla 
Mas  a  Tierra,  paratype  collected  with  fe- 
male; paratypes  from  El  Camote,  600-650 
m,  9  ;  Plazoleto  de  Yunque,  200-250  m,  S  ; 
Quebrada  Demajuana,  3  i  ( all  April  1962, 
B.  Malkin). 

Anelosimus  wellingfoni  sp.  n. 

Figures   37-38 

Holotype.  Female  from  Puerto  Eden, 
49°  S,  Wellington  Island,  Magallanes, 
Chile,  7-9  Dec.  1962  (P.  J.  Darlington),  in 
the  Museum  of  Comparative  Zoology.  The 
species,  like  the  island  of  the  type  locality, 
is  named  after  the  Duke  of  Wellington. 

Description.  Carapace  yellowish  with  a 
brown  band  as  wide  as  posterior  median 
eyes  in  front,  narrowing  behind.  Legs  yel- 
lowish. Dorsum  of  abdomen  with  a  pur- 
plish brown  pattern  of  large  spots;  a  single 
anterior  spot  with  three  posteriorly  directed 
branches,  and  two  spots  on  each  side,  the 
posterior  pair  of  which  join  medially,  and 
posteriorly  fuse  with  a  median  stripe 
toward  the  spinnerets.  Venter  and  sides  of 
venter  of  abdomen  brownish  except  for 
epigastric  area,  which  is  light.  Anterior 
median  eyes  slightly  smaller  than  others, 
one  diameter  apart,  one  diameter  from 
laterals.  Posterior  median  eyes  one  diam- 
eter apart,  one  diameter  from  laterals.  The 
cohilus  is  large  and  has  two  setae  on  its 
sides.  Total  length,  3.5  mm.  Carapace,  1.5 
mm  long,  1.4  mm  wide.  First  femur,  2.4 
mm;  patella  and  tibia,  2.4  mm;  metatarsus, 
1.9  mm;  tarsus,  1.1  mm.  Second  pat(41a 
and  tibia,  1.8  mm;  third,  1.4  mm;  fourth, 
2.0  mm. 

Diaii,nosis.  This  spc^cies  is  similar  to 
Anelosimus  rentrosus  and  A.  carelmapuensis, 
but  has  the  fused  ducts  cur\fd  anterolater- 
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ally    (Fig.    37),    and    the   opening   of   the      mus  camotecnsis  but  the  ducts  are  shorter 
epigynum  has  a  different  shape  (Fig.  38).      (Fig.  28). 


Anelosimus  attritus  (Nicolet) 

Theridion  attritiim  Nicolet,  1849:  541.  Female 
holotype  from  Chile,  in  the  Museum  National 
d'Histoire   Naturelle,   Paris;   examined. 

Conopistha  barrosi  Mello-Leitao,  1951:  330,  fig. 
2.  Female  holotype  from  Maullin,  Chile,  in  the 
Museu  Nacional,   Rio  de  Janeiro;   examined. 

Anelosimus  attritus,  — Levi,  1963a:  38,  figs.  14- 
19,   9,   i. 

The  living  spiders  lack  bright  colors; 
they  have  a  black  or  gray  pattern  on  yel- 
low-white or  white,  quite  variable.  The 
species  is  easily  recognized  by  the  shape 
of  its  abdomen,  subtriangular  and  wider 
than  long.    Color  photographs  were  taken. 

Additional  records.  Cautin:  Villarrica. 
Osorno:  Termas  de  Puyehue.  Llanqiiihue: 
2-3  km  NW  of  Ensenada. 

Anelosimus  tepus  sp.  n. 
Figures  28-29 

Holottjpc.  Female  from  Termas  de 
Puyehue,  Osorno,  Chile,  240  m,  14  March 
1965  (H.  Levi),  in  the  Museum  of  Com- 
parative Zoology.  The  specific  name  is  an 
arbitrary  combination  of  letters. 

Description.  In  alcohol,  carapace  dark 
yellow  with  black  rings  around  eyes. 
Sternum  and  legs,  dark  yellow.  Abdomen 
uniformly  light  gray  with  scattered  black 
pigment.  Median  eyes  smaller  than  laterals, 
anterior  medians  the  smallest.  Anterior 
median  eyes  one  and  one-half  diameters 
apart,  one  diameter  from  laterals.  Posterior 
median  eyes  less  than  one  diameter  apart, 
one  diameter  from  laterals.  Total  length, 
2.2  mm.  Carapace,  0.92  mm  long,  0.80  mm 
wide.  First  femur,  1.09  mm;  patella  and 
tibia,  1.30  mm;  metatarsus,  0.84  mm;  tar- 
sus, 0.63  mm.  Second  patella  and  tibia, 
1.05  mm;  third,  0.83  mm;  fourth,  1.20  mm. 

Dia(i,nosis.  This  species  is  readily  sepa- 
rated from  most  other  Anelosimus  by  the 
unusual  coloration  and  by  the  epigynum, 
which  is  a  transparent  plate;  the  openings 
are  two  dark  median  oval  spots  ( Fig.  29 ) . 
The  epigynum  is  similar  to  that  of  Anelosi- 


Anelosimus  camoteensis  sp.  n. 
Figures  30-32 

Holotype.  Female  from  Isla  Mas  a 
Tierra,  Valle  Anson,  Plazoleto  de  Yunque, 
200-250  m,  Camote  side,  Juan  Fernandez 
Islands,  1-28  April  1962  (B.  Malkin),  in 
the  American  Museum  of  Natural  History. 
The  specific  name  is  an  adjective,  after 
Camote,  where  specimens  have  been  col- 
lected. 

Description.  Carapace  yellow-white  with 
a  black  band  as  wide  as  the  eye  region 
covering  almost  the  whole  carapace.  Legs 
yellow-white  with  ends  of  segments  darker. 
Abdomen  with  white  and  black  pigment 
spots  on  dorsum.  Venter  almost  without 
pigment  or  two  white  spots  side  by  side. 
Anterior  median  eyes  smaller  than  others, 
their  diameter  apart,  and  less  than  one 
diameter  from  laterals.  Posterior  median 
eyes  two-thirds  their  diameter  apart,  their 
radius  from  laterals.  Chelicerae  with  a  keel 
as  wide  as  long  on  the  posterior  border. 
Abdomen  of  male  higher  than  that  of  fe- 
male, otherwise  sexes  much  alike.  Female, 
total  length,  1.5  mm.  Carapace,  0.6  mm 
long,  0.5  mm  wide.  First  femur,  0.8  mm; 
patella  and  tibia,  0.9  mm;  metatarsus,  0.6 
mm;  tarsus,  0.4  mm.  Second  patella  and 
tibia,  0.6  mm;  third,  0.5  mm;  fourth,  0.6 
mm.  Male,  total  length,  1.2  mm.  Carapace, 
0.6  mm  long,  0.5  mm  wide.  First  femur, 
0.9  mm;  patella  and  tibia,  0.9  mm;  meta- 
tarsus, 0.7  mm;  tarsus,  0.4  mm.  Second 
patella  and  tibia,  0.6  mm;  third,  0.5  mm; 
fourth,  0.6  mm. 

Diagnosis.  This  very  small,  large-eyed 
species  resembles  species  of  Mysmena. 
The  two  setae  seem  to  be  on  a  very  short 
colulus.  The  epigynum  ( Fig.  31 )  is  vari- 
able and  asymmetrical  in  the  one  specimen 
dissected  (Fig.  30).  The  palpus  (Fig.  32), 
except  for  a  mesal  sclerite,  is  lightly  sclero- 
tized  and  unlike  that  of  any  other  Ajielosi- 
miis  species  except  the  larger  A.  tepus. 
The  connecting  ducts  of  the  female  of  A. 
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Figures     43-44.         Cerohnopsis        dtstincta     (Nicolet).      43.      Female     genitalia,     dorsal     view.      44.      Epigynum. 
Figures     45-47.      "Cerafinops/s        modesta     (Nicolet).      45.      Female.      46.      Female    genitalia,     dorsal    view.      47.      Epigynum. 
Figures    48-53.     fro    sp/nipes    (Nicolet).     48.     Juvenile    lectotype.     49.      Female  genitalia,  dorsal   view.     50.     Epigynum.     51- 
53.      Left   palpus.     51.      Dorsal    view.     52.      Ectal    view.     53.      Ventral     view. 


camotccnsis    (Fig.    30)    are    longer.     The 
coloration  appears  to  be  variabli'. 

Records.    Juan   Fernandez  Islands:     l.sla 

Ma.s  a  Tierra,    i    paratype  eolleeted  with 

9    holotype;   E\  Camote,  600  ni,    19  April 

1962,    2?      (B.     Malkin);    Valle    Villagra, 


Porta/nelo  trail,  400—150  in,  19  .Vpril  1962, 
■     paratxpe    (  H.   Malkin  ). 

Episinus   porteri   (Simon),   new   combination 
Figures  39-42 

C'hiosiothcs    (lustnilis    .Simon,    hSOfi:     113.     I'Vinale 
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holotype  from  Tierra  del  Fuego  [Argentina],  in 

the     Museum      National     d'Histoire     Naturelle, 

Paris;  examined.    Not  Episimis  australis  Keyser- 

ling,  1890. 
Chrosiothes    porteri    Simon,    1901:     18.     Holotype 

from    western    Patagonia,    probably    lost    or    in 

vials  with  C.  australis  types. 
ThericUum   spinattim  Tullgren,   1901:    189,  pi.    15, 

fig.    2,    9  c?-     Female   and   male   syntypes   from 

Patagonia,     in     the     Natural     History     Museum, 

Stockholm;   examined. 
?Theriditim  fuegianum  Simon,   1904:   90.    Juvenile 

holotype  from  Allen  CJardiner,  Tierra  del  Fuego, 

Chile,     in     the     Museum     National     d'Histoire 

Naturelle,   Paris;   examined. 
Anelosimus    australus,    — Levi,     1963a:     47,    figs. 

53-57. 

Note.  At  the  time  I  wrote  my  1963  paper 
I  had  examined  only  the  types  as  no  other 
speeimens  were  available. 

Description.  Female.  Carapace  light 
gray  with  lighter  V-shaped  mark.  Eyes  in 
a  dark,  almost  black  area.  Abdomen  heav- 
ily marked  by  black  pigment,  with  only 
very  little  scattered  white  pigment  ( Fig. 
39).  There  is  a  median  light  stripe,  and 
humps  are  black  anteriorly,  yellow-white 
posteriorly.  Carapace  has  a  central  depres- 
sion. Anterior  median  eyes  smaller  than 
others.  Anterior  median  eyes  one-third 
their  diameter  apart,  one-third  from  lat- 
erals. Posterior  median  eyes  one  diameter 
apart,  one-third  diameter  from  laterals. 
Abdomen  of  female  has  one  pair  of  humps 
at  the  middle.  Total  length,  3.8  mm.  Cara- 
pace 1.3  mm  long,  1.3  mm  wide.  First 
femur,  2.1  mm;  patella  and  tibia,  2.5  mm; 
metatarsus,  l.S  mm;  tarsus,  1.0  mm.  Sec- 
ond patella  and  tibia,  1.6  mm;  third,  1.3 
mm;  fourtli,  2.1  mm. 

Male.  Markings  as  in  female,  but  ab- 
domen lacks  the  humps.  Anteriorly,  the 
two  black  patches  on  each  side  are  broken 
by  a  median  longitudinal  band  which 
meets  a  transverse  band  at  about  the 
middle;  posterior  with  pigment.  Male, 
total  length,  2.5  mm.  Carapace,  1.1  mm 
long,  1.0  mm  wide.  First  femur,  2.3  mm; 
patella  and  tibia,  2.7  mm;  metatarsus,  2.2 
mm;  tarsus,  1.0  mm.  Second  patella  and 
tibia,  1.5  mm;  third,  1.1  iTim;  fourth,  1.8 
mm. 


Diagnosis.  The  epigynum  (Fig.  42)  has 
two  heavily  sclerotized  diagonal  slits,  closer 
to  each  other  posteriorly.  The  epigynum 
and  palpus  (Figs.  40-42)  distinguish  the 
species  readily  from  Episimis  tijpicus. 

Records.  Caiitin:  Villarrica,  forest,  .3-4 
March  1965,  9  .  Llanquihue:  Peulla,  200 
m,  marsh  and  cliff,  24  March  1965,  $  . 

Episinus  typicus  (Nicolet) 

Thcridion  tijpicum  Nicolet,  1849:  539.  Male 
lectotype  here  designated,  two  female  para- 
lectotypes,  in  the  Museum  National  d'Histoire 
Naturelle,   Paris;    examined. 

Episinus  ti/picus,  — Levi,  1964a:  10,  figs.  12-15, 
9,   S.   ' 

Note.  One  female  paralectotype  is  a 
linyphiid. 

Description.  The  specimens  do  not 
change  color  in  alcohol.  They  are  mottled 
gra)'  and  black,  very  variable. 

Habits.  Almost  all  specimens  collected 
were  swept  from  vegetation  in  forests,  a 
few  from  shaded  habitats.  In  March,  all 
specimens  collected  were  mature  males  and 
females. 

Additional  records:  Osorno:  Termas  de 
Puyehue,  forest.  Llanquihue:  Ensenada,  50 
m,  shaded  roadside  and  forest. 

Phoroncidia  scufula  (Nicolet) 
Figures   19-22 

Gasteracaniha  scutula  Nicolet,  1849:  478,  pi.  5, 
fig.  6,  9 .  Female  holotype  from  Chile,  in  the 
Museum    National    d'Histoire    Naturelle,    Paris. 

Phoroncidia  scutulu,  — Levi,  1964b:  73,  figs.  18- 
20,    i. 

Description.  Female.  Brown,  usually 
with  white  pigment  on  dorsum  of  abdomen 
and  sometimes  with  black  areas.  The  color 
does  not  change  in  alcohol.  The  abdomen 
has  three  humps;  the  anterior  ones  are  more 
distinct  in  immature  females.  The  cara- 
pace is  highest  behind  the  eyes  and  has  a 
pronounced  ridge.  The  shape  of  the  ab- 
domen distinguishes  P.  scutula  from  P. 
margamarga.  Total  length,  2.5  mm.  Cara- 
pace, 0.95  mm  long,  1.0  mm  wide.  First 
patella  and  tibia,  0.60  mm;  second,  0.52 
mm;   third,   0.40  mm.    Fourth   femur,  0.80 
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mm;  patella  and  tibia,  0.80  mm;  metatarsus, 
0.40  mm;  tarsus,  0.34  mm. 

Habits.  All  specimens  were  collected  by 
sweeping  in  forested  or  shaded  areas. 
More  males  than  females  were  collected, 
perhaps  because  females  sit  on  bark  or  on 
stems.  Previously  only  males  were  avail- 
able for  examination.  Males  and  females 
are  mature  in  February  and  March. 

Phoroncidia  margamarga  Levi 
Figures   16-18 

Piioronciclia  nuir^ainarga  Levi,  1964b:  77,  figs. 
30-34,  9  .  Female  holotype  from  Marga  Marga, 
Valparaiso  Prov.,  in  the  Institut  Royal  des 
Sciences  Naturelles  de  Belgi(iue,   Brussels. 

Description.  Male.  Carapace  and  ster- 
num brown.  Legs  banded.  Abdomen  dark 
brown  with  white  pigment  areas,  larger  on 
dorsum  than  venter.  Tlie  abdomen  is 
slightly  wider  than  long  and  has  a  median 
dorsal  tubercle.  Total  length,  1.5  mm. 
Carapace,  0.6  mm  wide,  0.6  mm  long.  First 
femur,  0.60  mm;  patella  and  tibia,  0.59  mm; 
metatarsus,  0.30  mm;  tarsus,  0.28  mm.  Sec- 
ond patella  and  tibia,  0.48  mm;  third,  0.40 
mm;  fourth,  0.58  mm. 

Heretofore  the  male  had  been  unknown. 
The  shape  of  the  abdomen  (Figs.  17,  18) 
is  probably  more  distinct  than  the  palpus 
(Fig.   16). 

Additional  record.  Osorno:  Termas  de 
Puyehue,  240  m,  14  March  1965,    S  . 

Phoroncidia  puyehue  sp.  n. 
Figures  23-26 

Uolotijpc.  Female  from  Termas  de 
Puyehue,  Osorno,  Chile,  10  March  1965, 
250  m,  collected  in  forest  by  sweeping 
vegetation  (H.  Levi),  in  the  Museum  of 
Comparative  Zoology.  The  species  is 
named  after  the  type  locality;  the  specific 
name  is  a  noun  in  apposition. 

Description.  Carapace  and  sternum  dark 
brown.  Legs  light,  with  distal  segments 
banded.  Abdomen  white  with  pigment 
spots  and  black  patches.  Spinnerets  ringed 
with  black,  and  area  between  epigastric 
groove    and    spinnerets    whitt;    epigynum 


black.  Total  length,  2.10  mm.  Carapace, 
0.73  mm  long,  0.70  mm  wide.  First  patella 
and  tibia,  0.60  mm;  second,  0.52  mm;  third, 
0.42  mm.  Fourth  femur,  0.59  mm;  patella 
and  tibia,  0.65  mm;  metatarsus,  0.30  mm; 
tarsus,  0.29  mm. 

Diagnosis.  This  species  of  Phoroncidia 
differs  from  others  by  having  three  pairs 
of  lateral  and  one  dorsal  median  hump  on 
the  abdomen  (Figs.  25,  26),  besides  many 
tiny  sclerotized  spots.  The  genitalia  are 
illustrated  by  Figures  23  and  24.  The 
epigynum,  like  that  of  other  members  of 
the  genus,  is  an  indistinct  structure. 

Argyrodes  ?elevafus  Taczanowski 

Argijrodes  elevatus  Taczanowski,  1873:  120,  pi. 
5,  fig.  12,  9 .  Female  holotype  from  "Uassa 
French  Cuiana"  [Rio  Uaca,  Amapa,  Brazil],  in 
the  Polish  Academy  of  Sciences.  Exline  and 
Levi,  1962:    134,  figs.   128-132,    9  6  ,  map  5. 

Tile  only  specimens  collected  were  juve- 
niles and  a  mature  female  whose  genitalia 
are  covered  by  exudate.  Thus  the  determi- 
nation is  uncertain.  The  specimens  were 
collected  in  the  web  of  Mctepeira  and  are 
in  the  American  Museum  of  Natural  His- 
tory. 

Record.  Coquimho:  Salamanca,  Fundo 
Tahuinco,  1  May  1961  (A.  F.  Archer). 

Enoplognafha   zopfeae   Levi,   emend. 

Enoplogiiatlici    zu])fci    Levi,    1962a:     19,    figs.    14, 

15,  9 .  Female  holotype  from  Putre,  Prov. 
Tarapaca,  in  the  Museum  of  Comparati\e 
Zoology.  The  species  was  named  tor  Senora 
H.  Zapfe  de  Mann. 

Steatoda  ancorata  (Holmberg) 

Theridiinn    aiuorahiin    llolml)erg,    1874:    72,    fig. 

16.  Holotype   lost. 

Steatoda  ancorata.  — Le\i,   1962a:   34,  figs.  40-47, 

9  6. 

This  widespread  species  occurs  in  arid 
areas,  under  stones,  or  among  rocks.  It  has 
been  collected  in  Tuinbre,  Antofagasta  and 
Natales,  Magallanes,  Chile. 

Additional  record.  iJaiupiilnic:  Petro- 
hue,  on  buildings,  20-21  March   1965;  it  is 
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probably  also  found  among  the  cinders  of 
Volcan  Osomo  around  Petrohue. 

"Theridion"  funerarium  Nicolet 

Theridion  funerarium  Nicolet,  1849:  537.  The 
juvenile  syntypes  have  two  dorsal  longitudinal 
stripes  on  the  abdomen.  The  sternum  is  black. 
From  Chile,  the  specimens  are  in  the  Museum 
National  d'Histoire  Naturelle,  Paris;  examined. 
The  coloration  resembles  that  of  Colcosoma 
floridanum  Banks  but  this  cosmopolitan  species 
has  not  so  far  l)een  found  in  Chile. 

MIMETIDAE 

fro  spinipes  (Nicolet),  new  combination 
Figures  48-53 

Theridion  spinipes  Nicolet,  1849:  540.  Juvenile 
female  lectotype  from  Chile  here  designated, 
in  the  Museum  National  d'Histoire  Naturelle, 
Paris;   examined. 

?Ero  nicoleti  Simon,  1904:  96.  Holotype  from  La 
Herradura,  Coquimbo,  in  the  Museum  National 
d'Histoire  Naturelle,  Paris;  not  examined. 

Note:  The  juvenile  specimen  designated 
as  lectotype  (Fig.  48)  is  2.5  mm  long,  and 
is  in  poor  physical  condition.  The  first 
legs  have  macrosetae  as  do  other  mimetids. 
Specimens  collected  by  A.  F.  Archer,  de- 
teiTnined  by  him  as  Ero  nicoleti  Simon, 
and  deposited  in  the  American  Museum  in 
New  York,  appear  to  be  conspecific.  The 
illustrations  were  made  from  the  Archer 
specimens. 

Records.  Valparaiso:  Bosque  de  Quin- 
tero.  May  1961.  Malleco:  Bosque  de 
Collipulli,  Dec.  1961.  Lhnquihue:  Puerto 
Montt,  Isl.  Tenglo,  March  1962;  2-3  km 
NW  of  Ensenada,  18  March  1965,  9  (H. 
Levi ) . 

LINYPHIIDAE 

"Ceratinopsis"  modesta  (Nicolet) 
Figures  45-47 

Theridion  modesium  Nicolet,  1849:  526.  Female 
lectotype  here  designated,  from  Chile,  is  in  the 
MusfcHnn   National  d'Histoire  Naturelle,  Paris. 

Erigone  modesta,  — Keyserling,  1886:  229,  pi.  19, 
fig.  284,    9. 

Ceratinopsis  modesta,  — Simon,  1894:   644-645. 

Note:  Keyserling  correctly  identified 
this  linyphiid  spider,  described  the  species, 


and  also  synonymized  with  it  Theridium 
weyenber^hii  Holmberg,  1874,  page  79. 
According  to  Keyserling,  this  species,  which 
has  a  bright  red  abdomen  when  alive,  is 
also  found  in  Argentina  and  Rio  Grande 
du  Sul,  Brazil. 

Records.  Two  9  paralectotypes  were 
with  the  lectotype. 

"Ceratinopsis"  distincta  Nicolet 
Figures  43-44 

Theridion  distincta  Nicolet,  1849:  .526.  Female 
lectotype  here  designated,  from  Chile,  is  in  the 
Museum  National  d'Histoire  Naturelle,  Paris; 
examined. 

Ceratinopsis  distincta,  — Petrunkevitch,  1911:  224. 

Description.  The  best  preserved  speci- 
men has  a  light  brown  cephalothorax,  with 
the  legs  lightest,  and  an  indistinct  longi- 
tudinal row  of  spots  on  the  dorsum  of  the 
abdomen.  The  diameter  of  the  anterior 
median  eyes  is  half  that  of  the  others.  The 
anterior  median  eyes  are  two  diameters 
apart,  three  diameters  from  laterals.  The 
posterior  median  eyes  are  one  diameter 
apart,  one  and  one-half  from  laterals.  Like 
"C."  modesta,  the  legs  have  few  strong 
spines.  Total  length,  3.2  mm.  Carapace, 
1.2  mm  long,  1.0  mm  wide.  First  patella 
and  tibia,  1.2  mm;  second,  1.0  mm;  third, 
1.0  mm.  Fourth  femur,  1.3  mm;  patella 
and  tibia,  1.4  mm;  metatarsus,  0.8  mm; 
tarsus,  0.5  mm. 

Records.  T\\'0  paralectotypes  were  orig- 
inally in  the  vial  with  the  lectotype. 
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HABITAT  OBSERVATIONS,  RECORDS,  AND  NEW  SOUTH  AMERICAN 
THERIDIID  SPIDERS  (ARANEAE,  THERIDIIDAE) 


HERBERT  W.   LEVI 


In  a  recent  paper,  Bonnet  ( 1966 )  tells  us 
that  two-thirds  of  the  spiders  described 
have  never  been  found  again,  and  that  of 
more  than  22,000  spider  species  known  in 
1939,  less  than  3,000  are  common  or  well 
described.  This  sorry  record  is  evidence  of 
the  inadequacy  of  descriptions  made  by 
arachnologists  who  are  often  more  interested 
in  giving  names  than  in  studying  the  ani- 
mals at  hand.  Bonnet  cites  as  causes  poor 
descriptions  and  insufficient  bibliographic 
searches,  but  to  these  should  be  added  the 
historic  reluctance  of  many  museum  cura- 
tors to  let  the  biologists  look  at  holotypes, 
as  they  must  in  order  to  make  the  needed 
revisions.  Although  this  is  mainly  a  prob- 
lem of  the  past,  yet  even  today  several  mu- 
seums, following  obsolete  rules,  so  protect 
type  specimens  that  their  study  can  be  ar- 
ranged only  years  after  the  revision  is  com- 
pleted. And  when  such  study  must  be 
undertaken  during  a  costly  but  hurried  visit 
to  the  museum,  often  one  finds  the  museum 
insufficiently  equipped  for  the  examination 
of  small  animals.  Taking  one's  own  equip- 
ment along  complicates  the  customs  pas- 
sage and  is  made  expensive  by  weight 
limits  of  airlines.  However,  I  am  grateful 
for  the  cooperation  of  the  various  curators 
who  have  made  their  collections  and  holo- 
types available  to  me.  It  is  encouraging  to 
find  that  a  large  proportion  of  the  theridiid 
species  described  from  South  America  have 
been  rediscovered  in  the  collections  that 
have  accumulated  over  the  years  in  various 
museums. 


These  additional  notes  on  the  Theridiidae 
resulted  from  my  visit  to  South  America 
in  1965.  I  was  able  to  see  and  work  with 
the  living  spiders,  and  when  possible  made 
photographs  and  took  notes  on  the  habitats 
and  hal)its.  Also,  I  was  able  to  examine  the 
important  Mello-Leitao  collection  in  Rio  de 
Janeiro.  An  earlier  paper  considered  the 
spiders  of  Chile,  which  has  its  own,  almost 
entirely  endemic,  fauna.  This  paper  also 
contains  additions  and  corrections  to  my 
previous  papers  on  South  American  theridiid 
spiders.  Another  reason  that  drew  me  to 
South  America,  the  field  study  of  black 
widows,  Latrodectii.s,  is  outside  the  scope 
of  this  paper. 

I  am  very  grateful  to  numerous  colleagues 
who  helped  me.  In  Peru,  Dr.  H.-W.  Koepcke 
and  Dr.  Maria  Koepcke  directed  me  to  col- 
lecting places.  Dr.  P.  Aquilar  F.  of  San 
Marcos  University  took  me  into  the  field 
with  his  car  every  day  I  was  in  Lima.  Dr. 
F.  Carrasco  Z.  of  Cuzco  University  took  me 
to  Urubamba  and  helped  me  collect.  Dr.  J. 
Abalos  accompanied  me  and  helped  me  in 
the  field  in  northern  Argentina.  Prof.  Dr. 
M.  Biraben,  Prof.  R.  D.  SchiapelH,  Mrs.  B. 
Gerschman  de  Pikelin,  Prof.  M.  E.  Galiano 
and  Dr.  A.  Barrio  extended  their  hospitality 
to  me  in  Buenos  Aires.  Dr.  P.  Vanzolini 
and  Mr.  P.  de  Biasi  helped  me  reach  the 
field  in  the  Sao  Paulo  area.  Dr.  J.  L.  de  A. 
Feio,  Miss  A.  Timotheo  da  Costa,  and  Dr. 
J.  de  M.  Carvalho  and  Director  Dr.  N. 
Santo  permitted  me  to  examine  the  valu- 
able  Mello-Leitao   collection.    Mr.   Johann 
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Becker  spent  a  great  amount  of  his  valuable 
time  accompanying  me  in  the  surroundings 
of  Rio  and  in  the  Organ  Mountains  and 
Teresopolis. 

The  paper  is  divided  into  two  parts: 
first,  corrections  to  previous  papers,  and 
second,  notes,  observations,  and  descrip- 
tions of  new  theridiid  spiders. 

ADDITIONS    AND    CORRECTIONS  TO 
PREVIOUS  PAPERS 

After  publication  of  my  paper  on  South 
American  arachnologists  ( Levi,  1964 ) ,  a 
valuable  letter  was  received  from  Dr.  A. 
Riedel  of  the  Polish  Academy  of  Sciences. 
His  comments,  making  corrections  in  the 
dates  of  the  important  Polish  collector 
Jelski,  were  based  on  the  archives  of  his 
institution.  "J^l'^l^i  ^^^t  Poland  in  1863  and 
stayed  at  first  in  the  Balkans  and  France, 
but  he  visited  Cayenne  already  in  1864.  He 
left  for  Peru  in  1870  and  since  1874  worked 
in  the  Lima  Museum  and  later  returned  to 
Poland  in  1880." 

Dr.  H.-W.  Koepcke  and  Dr.  M.  Koepcke 
made  me  aware  that  the  locations  of  many 
of  the  old  Peruvian  collecting  sites  and 
haciendas  can  be  found  in  German  Stieg- 
lich's  Diccionario  Geografico  del  Peru, 
Lima,  1922.  Few  copies  are  to  be  found 
outside  Peru,  but  there  is  one  in  the  Har- 
vard Widener  Library.  The  area  in  which 
Jelski  and  Stolzman  collected  birds  and 
spiders,  the  province  of  Tarma,  Junin,  was 
apparently  chosen  because  of  its  great  di- 
versity in  altitude,  flora  and  fauna,  reach- 
ing from  the  high  Andes  down  to  the  haci- 
endas of  the  Amazon  Basin.  It  is  a  very 
friutful  area  for  collecting. 

COKKKCTIOXS    OF    NA^rES 

Eunjopis    tiotabilis     (  Kcyseiling,     1891)     [Not    E. 

notabilu]   Levi,    1963a:  136. 
Dipocna     nihclla     ( KcNscrliiiii,      IcSSl)      [Not     /^. 

Tubelluin]   Lc\i,    iy63a:in7. 
Achaearanca  dromedariforniis  (Hoi'wer,  1884)  [Not 

A.  droniedariforma]  Levi,   19631): 205. 
A.     riocnsis     Levi,     1963b:209.      llolotype     from 

Teresopolis,   Kst.    Hio  de  Janeiro   [not   (hiaiia- 

l)ara],  Brazil.     I'lie  species  is  iiamcd   allir  tlic 

stale   of    the   l>  pe    localitv. 


A.  alacris  (Keyserling,  1884)  [Not  A.  alacre],  Levi, 

19631i:227. 
A.    piiigiiis    ( Keyserling,    1886)    [Not   A.    pinguc], 

Levi,   1963b:  228. 

NOTES,  OBSERVATIONS,  AND 
DESCRIPTIONS  OF   NEW  SOUTH 
AMERICAN  THERIDIID  SPECIES 

Achaearanea   fepidariorum    (C.    L.   Koch) 

Thcridiuiii  tcpidarionini  C.  L.  Koch,  1841,  Die 
Arachniden,  8:75,  tigs.  646-648,  9  c5  .  Syn- 
types  from  greenhouses  at  the  University  of 
Erlangen,   Bavaria. 

Achaearanea  tepidarionim, -Lt^si,  1955,  Anier.  Mus. 
Novit.,  No.  1718:32,  figs.  69,  70,  83,  84,  9  S : 
1963,  Bull.  Mus.  Couip.  Zool.,  129:215,  map. 

Collections.  Specimens  were  collected  on 
buildings  in  Tucuman,  Argentina,  and  on 
top  of  Gorcovado  Moimtain,  Rio  de  Janeiro, 
in  Teresopolis,  but  also  ( probably  on  build- 
ings) at  1,850  m  in  the  Serra  dos  Orgaos, 
Est.  Rio  de  Janeiro,  Brazil. 

Achaearanea  hieroglyphica   (Mello-Leitao), 
new  combination 

Achaca  hieroglyphica  Mello-Leitao,  1940,  Arq. 
Zool,  Sao  Paulo,  2:202.  Female  holotype  from 
from  Colatina,  Espirito  Santo,  Brazil,  in  the 
Museum  Nacional,  Rio  de  Janeiro;  examined. 

Cluysso  petitagona  Caporiacco,  1954,  Comm. 
Pontifica  Acad.  Sci.,  16:75,  fig.  12,  9.  Fe- 
male holotype  from  Coudroin  ille,  French 
Guiana,  in  the  Museum  National  d'Histoire 
Naturelle,  Paris;  examined.  NEW  SYNON- 
YMY. 

Achaearanea  j)entagona,-\.e\'\,  1963,  Bull.  Mus. 
Comp.   Zool.,    129:202,   figs.     1-3,    9. 

This  species  has  also  been  collected  in 
Huanuco  State  of  Peru. 

Achaearanea  rioensis  Levi 

Achaearanea  riocnsis  Le\  i,  196.3,  Bull.  Mus.  Comp. 
Zool.,  129:209,  figs.  36-.38.  Male  holotype 
from  Teresopolis,  900-1,000  m.  Est.  liio  de 
Janeiro,  Biazil,  in  the  American  Museum  of 
N;itural    ilislor\ . 

Collections.  On  top  of  Pico  Corcovado, 
700  m,  Hio  de  Jaiu'iro,  Hra/il. 

Achaearanea  hirfa   (Taczanowski) 

Argyrodes  liirhis  'i'acziuiowski,  187.'),  llor;ie  Soc. 
Ent.    IU)ssicae    9:119.     Female   syntypes   from 
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Cayenne,  French  Guiana,  in  the  Pohsh  Acad- 
emy of  Sciences,  Warsaw;  examined. 
Xchaearanea  hirta,-l^ev\,    1959,   Bull.   Mus.   Comp. 
Zool.,   121:70,  figs.    35-38,    9  5,  map.    Levi, 
1963,  ibid.,  129:212,  map. 

Collections.  Specimens  were  collected  in 
Tucuman,  Argentina,  on  the  outside  ot 
buildings  of  the  Instituto  Miguel  Lillo.  This 
is  the  southernmost  record  of  the  species. 

Achaearanea  passiva  (Keyserling) 

TJu'iiclitim  jxi.ssiviini  Keyserling,  1891,  Die  Spinnen 
Amerikas,  3:195,  pi.  7,  fig.  141,  9.  Female 
holotype  from  Faz.  Calvario,  Est.  Rio  de 
Janeiro,  Brazil,  in  the  British  Museum;  exam- 
ined. 

Achaearanea  passiva,-hevi,  1963,  Bull.  Mus.  Comp. 
Zool.,  129:207,  figs.    26-28,    9$. 

Collections.  This  southeastern  Brazilian 
species  was  collected  in  the  botanical  gar- 
den, in  forest,  Sao  Paulo,  10  April  1965  ( P. 
de  Biasi,  H.  Levi). 

Achaearanea  orgea  sp.  n. 
Figures  5,  6 

Holotype.  Female  from  under  stone  in 
forest,  Serra  dos  Orgaos,  between  1,000  and 
1,500  m,  20  April  1965  (H.  Levi),  in  the 
Museum  of  Comparative  Zoology.  The  spe- 
cific name  is  an  arbitrary  combination  of 
letters. 

Description.  Prosoma  and  legs  dark 
orange-brown.  Abdomen  with  black  patches 
and  a  white  line  descending  on  each  side, 
almost  meeting  on  dorsum;  there  is  a  me- 
dian dorsal  white  spot  and  a  spot  behind 
each  white  line  on  dorsum.  Anterior  me- 
dian eyes  slightly  smaller  than  others,  their 
diameter  apart,  less  than  a  diameter  from 
laterals.  Posterior  median  eyes  more  than 
a  diameter  apart,  less  than  their  diameter 
from  laterals.  Abdomen  almost  spherical. 
Total  length,  3.1  mm.  Carapace  1.4  mm 
long,  1.4  mm  wide.  First  femur,  1.8  mm; 
patella  and  tibia,  2.0  mm;  metatarsus,  1.4 
mm;  tarsus,  0.8  mm.  Second  patella  and 
tibia,  1.4  mm;  third,  1.0  mm;  fourth,  1.7 
mm. 

Diaii,nosis.  This  species  might  be  either 
a  TJieridion  or  Achaearanea.  It  differs  from 


Theridion  macuchi  Levi  from  Ecuador  by 
being  larger,  and  the  epigynum  (Fig.  6) 
does  not  have  a  knob.  It  differs  in  colora- 
tion and  larger  size  from  Achaearanea  ana- 
lista  Levi,  from  southeastern  Brazil. 

Echinotheridion  carium  Levi 

Echinotheridion  cartum  Levi,  1963,  Bull.  Mus. 
Comp.  Zool.,  129:236,  figs.  117-121,  9.  Fe- 
male holotype  from  Apa  River,  Paraguay,  in 
the  American  Museum  of  Natural  History. 

Collections.  BRAZIL.  Guanahara:  in  for- 
est, Pico  da  Tijuca,  500-950  m,  17  April 
1965;  in  park,  Jardim  Botanico,  Rio  de  Ja- 
neiro, 18  April  1965. 

Theridion  calcynatum  Holmberg 
Figure    1 

Theridion  calcynatum  Holmberg,  1876,  An.  Agric. 
Rep.  Argentina,  4:72.  Types  from  Argentina 
lost.— Levi,  1963,  Bull.  Mus.  Comp.  Zool., 
129:548,  figs.    100-107,    9  <5 ,  map  3. 

Distribution.  South  America  (except 
Chile)  from  Venezuela  to  Argentina. 

Collections.  PERU.  Lima:  Lima,  in  gar- 
den on  the  undersides  of  leaves  and  shrubs. 
Cuzco:  Urubamba  River  near  Machu- 
Picchu,  collected  by  sweeping  in  rain  forest; 
Urubamba,  Feb.  1965  (F.  Carrasco). 
BRAZIL.  Est.  Rio  de  Janeiro:  forest,  Serra 
dos  Orgaos,  1,000-1,800  m.  Guanahara: 
forest,  Pico  da  Tijuca,  500-900  m.  Sao 
Paulo:  forest,  in  botanical  garden,  Sao 
Paulo. 

Theridion   rufipes   Lucas 

Theridion  rufipes  Lucas,  1846,  Explor.  Scient.  de 
I'Algerie.  Zool.,  2(1):263,  pi.  16,  fig.  5,  9. 
Female  holotype  from  near  Oran,  Algiers. — 
Levi,  1957,  Bull.  Amer.  Mus.  Nat.  Hist.,  112: 
56,  figs.    188-193,    9  S  . 

Distribution.  Pantropical,  in  or  on  build- 
ings. 

Collections.  PERU.  Lima:  females  col- 
lected in  the  corner  of  the  kitchen  of  a 
house  in  Miraflores,  tightly  appressed 
against  the  wall,  with  only  a  small  web.  The 
habitat  in  Peru  was  like  that  of  Florida 
specimens     I     have     collected.      BRAZIL. 
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Figure    1.      Theridion    calcynalum    Holmberg    in   web,   garden    in    Lima,    Peru, 

Figure    7.      Anelosimus    sfud/osus    (Hentz),    dense    web    in    shrub,    Barra    da    Tijuca,    Rio    de    Janeiro,    Brazi 
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Guanabara:  on  buildings  on  Corcovado, 
700  m.  Est.  Rio  de  Janeiro:  in  comer  in- 
side house  in  Teresopolis. 

Theridion  adamsoni  Berland 

Theridion    adanisoni    Berland,    1934,    Bull.    B.    P. 

Bishop  Mus.,  113:102,  figs.    6-9,    5.    Female 

syntypes  from  Tahiti  in  the  Bishop  Museum, 

Honolulu;   examined. 
Theridion   hohbsi,-Levi,    1957,    Bull.    Amer.    Mus. 

Nat.  Hist.,  112:62,  figs.    198-199,  209,  213- 

214,    ?  c^,  map  28. 

Distribution.    Pantropical. 

Collections.  ARGENTINA.  Tucmmin: 
outside  on  walls  of  building  of  Instituto 
Miguel  Lillo  in  Tucuman,  April  1965.  This 
is  the  southernmost  record  in  the  Americas. 

Theridion   volubile   Keyserling 

Theridion  vohihile  Keyserling,  1884,  Die  Spinnen 
Amerikas,  2(1):37,  pi.  2,  fig.  19,  $.  Female 
lectotype  from  Amable  Maria,  640  m,  Junin, 
Peru,  in  the  Polish  Academy  of  Sciences,  War- 
saw;  examined. 

Distribution.  Venezuela  to  Arequipa, 
Peru. 

Collections.  PERU.  Junin:  San  Ramon, 
80  m,  plantation  on  edge  of  rain  forest,  near 
the  type  locality. 

Theridion   evexum   Keyserling 

Theridion  evexum  Keyserling,  1884,  Die  Spinnen 
Amerikas,  2(1) :65,  pi.  3,  fig.  39,  9.  Female 
holotype  from  Spanish  colony  N.  Granada,  in 
the  British  Museum;  examined.  — Levi,  1959, 
Bull.  Mus.  Comp.  Zool,  121:97,  figs.  124- 
135,    2  S ,  map  5. 

Distribution.  From  southern  Mexico, 
West  Indies,  to  southern  Brazil. 

Collections.  BRAZIL.  Est.  Rio  de  Ja- 
neiro: under  leaf  in  forest  of  Serra  dos 
Orgaos,  1,000-1,500  m,  20  April  1965,  9  (J. 
Becker,  H.  Levi). 

Theridion  triguffatum  Keyserling 

Theridion  triguttaium  Keyserling,  1891,  Die  Spin- 
nen Amerikas,  3:190,  pi.  6,  fig.  136,  9.  Fe- 
male syntypes  from  Nova  Friburgo,  Est.  Rio 
de  Janeiro  and  Espirito  Santo  on  the  Rio 
Minas,  Brazil,  in  the  British  Museum;  exam- 
ined.— Levi,  1963,  Bull.  Mus.  Comp.  Zool., 
129:542,  figs.    76-77,    9. 


Distribution.    Southeastern  Brazil. 

Collections.  BRAZIL.  Guanabara:  Pico 
da  Tijuca,  500-950  m,  17  April  1965,  9  (J. 
Becker,  H.  Levi). 

Theridion  sexmaculotum   Keyserling 

Theridion  sexmacidatum  Keyserling,  1884,  Die 
Spinnen  Amerikas,  2(1):82,  pi.  4,  fig.  51,  9- 
Female  syntypes  from  Amazonas,  Brazil,  in 
the  Hope  Department  of  Entomology,  Oxford 
University;  examined. — Levi,  1959,  Bull.  Mus. 
Comp.  Zool.,   121:119,  figs.    236-239,    9$. 

Disiribution.   West  Indies  to  Ecuador. 

Collections.  BRAZIL.  Guanabara:  Barra 
da  Tijuca,  sand  dunes  and  dune  vegetation, 
16  April  1965,  9  (J.  Becker,  H.  Levi).  This 
is  the  southernmost  record. 

Theridion   plaumanni  Levi 

Theridion  phninianni  Levi,  1963,  Bull.  Mus.  Comp. 
Zool,  129:583,  figs.  244-248,  9^,  map  3. 
Female  holotype  from  Nova  Teutonia,  Santa 
Catarina,  Brazil,  in  the  Senckenberg  Museum, 
Frankfurt. 

The  species,  otherwise  colorless,  has  a 
tiny  black  spot  on  the  anterior  face  of  each 
patella  and  distal  end  of  each  tibia. 

Distribution.  From  Venezuela  to  south- 
ern Brazil. 

Collections.  BRAZIL.  Sao  Paulo:  Ca- 
mino  del  mar,  33  km  south  of  Sao  Paulo,  in 
vegetation,  11  April  1965,  9  (P.  de  Biasi,  H. 
Levi). 


Theridion  humboldfi  sp. 
Figures  7-9 


n. 


Holotype.  Female  from  Miraflores,  under 
leaf  in  garden,  Lima,  Peru,  6  Feb.  1965  (H. 
Levi),  in  the  Museum  of  Comparative  Zool- 
ogy. This  species  is  named  after  the  ex- 
plorer, A.  von  Humboldt. 

Description.  Carapace,  sternum,  legs  light 
yellow-brown.  Abdomen  with  white  pig- 
ment spots  on  dorsum,  three  pairs  of  black 
patches,  the  last  one  running  to  spinnerets 
and  fusing  (Fig.  7).  Area  between,  close 
to  spinnerets,  white.  Venter  with  a  black 
spot  on  each  side  of  spinnerets.  On  each 
side  of  abdomen,  a  black  streak.  Eyes  sub- 
equal    in    size,    anterior   median    eyes    one 
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diameter  apart,  their  radius  from  laterals. 
Posterior  eyes  a  little  more  than  a  diameter 
from  each  other.  Total  length,  5  mm.  Cara- 
pace 2.0  mm  long,  1.7  mm  wide.  First 
femur,  3.0  mm;  patella  and  tibia,  3.0  mm; 
metatarsus,  2.7  mm;  tarsus,  0.8  mm.  Second 
patella  and  tibia,  2.1  mm;  third,  1.5  mm; 
fourth,  2.5  mm. 

Diagnosis.  Theridion  humholdti  differs 
from  T.  calcijnatum  by  having  two  black 
spots  on  a  common  depression  in  the 
epigynum  (Fig.  9),  and  heavily  sclerotized 
wide  connecting  ducts  (Fig.  8). 

Chrysso  pulcherrima   (Mello-Leitao),  new 
combination 

Argyrodes  piilcherrimus  Mello-Leitao,  1917, 
Broteria,  15:86,  figs.  7,  8,  9.  Female  holo- 
type  [fragments]  from  Manguinhos,  Dist.  Fed. 
[Est.  Guanabara],  Brazil,  in  the  Museu  Na- 
cional,  Rio  de  Janeiro;  examined. 

Meotipa  clementinae  Petrunkevitch,  1930,  Trans. 
Connecticut  Acad.  Sci.,  30:212,  fig.  61,  9. 
Female  holotype  from  Puerto  Rico,  at  the 
Peabody  Museum,  Yale  University,  New  Ha- 
ven.   NEW  SYNONYMY. 

Chrijsso  clementinae,-l-'e\i,  1962,  Psyche,  69:231, 
figs.    71-75,    9  S,  map  1. 

Note.  Argyrodes  puleherrimiis  Mello- 
Leitao  is  not  a  synonym  of  A.  elevatus 
( Taczanowski )  as  thought  by  Exline  and 
Levi,  1962,  Bull.  Mus.  Comp.  Zool,  127(2): 
135. 

Thymoites  palo  sp.   n. 
Figures   10-12 

HoIotij))e.  Female  from  Camino  del  mar, 
forest  and  fields  33  km  south  of  Sao  Paulo, 
Brazil,  11  April  1965  (P.  de  Biasi,  H.  Levi), 
in  the  Museum  of  Comparative  Zoology. 
The  specific  name  is  an  arbitrary  combina- 
tion of  letters. 

Description.  Carapace  yellow,  eye  area 
black.  Sternum  yellowish.  Legs  yellow  ex- 
cept fourth,  which  has  distal  end  of  femur 
and  distal  end  of  tibia  black  (Fig.  10). 
Abdomen  yellowish  white  except  for  two 
black  spots,  one  liehind  the  other,  posterior 
one  just  above  spinnerets.  Anterior  median 
eyes  smallest,  one  and  one-half  diameters 
from  each  other,  one  and  one-half  diameters 


from  laterals.  Posterior  median  eyes  one 
and  one-half  diameters  apart,  two  diam- 
eters from  laterals.  Total  length,  1.3  mm. 
Carapace  0.69  mm  long,  0.60  mm  wide. 
First  femur,  0.70  mm;  patella  and  tibia,  0.69 
mm;  metatarsus,  0.42  mm;  tarsus,  0.36  mm. 
Second  patella  and  tibia,  0.54  mm;  third, 
0.43  mm;  fourth,  0.65  mm. 

Diagnosis.  Thijnioites  palo  differs  from 
T.  villaricuensis  Levi  from  Paraguay  in  hav- 
ing smaller  eves,  and  by  its  coloration  ( Fig. 
10). 

Thymoites   urubamba  sp.   n. 
Figures    13,    14 

Holotype.  Female  from  Urubamba  River 
forest  below  Machu-Picchu  ruins,  on  vege- 
tation, 2,000  m,  Cuzco,  Peru,  21  Feb.  1965 
(H.  Levi),  in  the  Museum  of  Comparative 
Zoology.  The  specific  name  is  a  noun  in 
apposition  after  the  type  locality. 

Description.  Carapace,  sternum,  orange. 
Legs  orange-brown,  coxae  and  patellae 
much  lighter.  Abdomen  yellow-white,  with- 
out markings.  Eyes  silvery,  without  any 
black,  and  relatively  small,  subequal  in 
size.  Laterals  on  a  joint  small  tubercle.  An- 
terior median  eyes  two  diameters  apart,  less 
than  one  diameter  from  laterals.  Posterior 
eyes  one  and  one-half  diameters  apart. 
Height  of  clypeus  about  four  diameters  of 
anterior  median  eyes.  Abdomen  oval, 
pointed  behind.  Total  length,  1.8  mm.  Car- 
apace 0.8  mm  long,  0.7  mm  wide.  First 
femur,  0.9  mm;  patella  and  tibia,  0.9  mm; 
metatarsus,  0.6  mm;  tarsus,  0.4  mm.  Second 
patella  and  tibia,  0.8  mm;  third,  0.6  mm; 
fourth,  0.8  mm. 

Diagnosis.  The  ducts  of  tliis  species  are 
black  (Figs.  13,  14),  and  ciuite  similar  to 
those  of  Thymoites  elms  Levi  from  Brazil. 
However,  the  coils  in  T.  uruhaniha  are  pos- 
terior to  the  seminal  receptacles  (Fig.  13), 
wliile  in  T.  ehiis  they  loop  anteriorly. 

Thymoites   machu   sp.    n. 
Figures    15,    16 

Holotype.  Female  from  Urubamba  Ri\er 
forest  below  Machu-Picchu  ruins.  2,000  m 
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Tidarren      fordum 


Distribution  of  Tidarren  fordum.    Numerous  literature  records  of  the  species  from  Argentina  were  not  mapped. 


elevation,  on  vegetation,  Cuzco,  Peru,  21 
Feb.  1965  (H.  Levi),  in  the  Museum  of 
Comparative  Zoology.  The  specific  name 
is  an  arbitrary  combination  of  letters. 

Description.  Carapace,  sternum  orange. 
Legs  orange-brown;  patella  and  coxae 
lighter;  distal  segments  darker.  Abdomen 
orange-white,  without  markings.  Eyes  sil- 
ver with  black  rings.   Anterior  median  eyes 


largest,  their  diameter  apart,  one-third  their 
diameter  from  laterals.  Posterior  median 
eyes  two  diameters  apart,  one  and  one-half 
diameter  from  laterals.  Total  length,  1.6 
mm.  Carapace  0.6  mm  long,  0.6  mm  wide. 
First  femur,  1.2  mm;  patella  and  tibia,  1.8 
mm;  metatarsus,  0.8  mm;  tarsus,  0.4  mm. 
Second  patella  and  tibia,  0.7  mm;  third,  0.6 
mm;  fourth,  0.9  mm. 
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Diofinosis.  Thymoitcs  machu  is  similar 
to  T.  ilvan  Levi  from  Brazil  but  the  ducts 
are  straight  and  not  undulating  ( Fig.  15 ) . 

TIDARREN  Chamberlin  and  Ivie,  1934 

No  additional  new  species  from  South 
America  have  been  found  that  belong  to 
this  genus.  The  minute  males  almost  never 
are  collected,  although  as  many  as  ten  have 
been  seen  in  the  web  of  a  young  female  in 
Florida.  Unlike  members  of  Achocaranea, 
the  female  Tidarrcn  nests  in  a  rolled-up 
dead  leaf  in  the  middle  of  the  web. 

Misplaced  species,  described  as  Tidarrcn, 
from  South  America  and  Central  America 
include : 

Tidarrcn  inccrtissimum  Caporiacco  = 
Thcridion  inccrtissirmnn  (Caporiacco). 

Tidarren  fordum   (Keyserling) 
Map 

Thcridion  fordum  Keyserling,  1884,  Die  Spinnen 
Amerikas,  2(2):3'87,  pi.  1,  fig.  9,  9.  Female 
holotype  from  "Sta.  Fe  de  Bogota"  [Bogota, 
Colombia],  in  the  British  Museimi;  examined. 

?Theridion  maculosum  Keyserling,  1884,  Op.  cit.  2 
(2):30,  pi.  1,  fig.  14,  9 .  Female  holotype 
from  Venezuela  ["Caracas"  on  specimen],  in 
the  Institut  Royal  des  Sciences  Naturelles  de 
Belgiqne,  Brussels;  examined. 

Tidarren  fordtnn,-hevi,  1955,  J.  New  York  Ento- 
mol.  Soc,  63:73,  figs.    49-57,  61-64,  map. 

Bertkau's  description  of  Tlicriditnu 
hacmorrlioidalc  ( 1S(S0,  Mem.  Cour.  Acad. 
Belgique,  43:78;  holotype  from  Rio  de  Ja- 
neiro, lost)  fits  Brazilian  specimens  of  this 
species.  However,  the  type  could  not  be 
located  in  Brussels,  Bonn,  or  Frankfurt. 
The  type  of  T.  macidosiim  Keyserling  is 
shrivelled  up  and  in  a  poor  state  of  preser- 
vation. It  is  smaller,  but  within  the  range 
of  variation,  and  the  abdomen  is  not  higher 
than  long  (probably  because  it  is  shrivelled). 
While  it  is  probable  that  specimens  as- 
signed to  this  species  from  North  America 
to  Colombia  are  all  one  species,  it  is  pos- 
sible (but  unlikely)  that  several  South 
American  species  are  confused,  as  there  are 
hardly  any  of  the  minute  males  of  Tidarren 
in  collections. 


Distribution.  Southern  United  States  to 
Chile  and  Argentina  ( map ) .  As  the  Argen- 
tine records  are  from  the  literature  only, 
they  have  not  been  mapped. 

COIEOSOI^A   O.   P.-Cambridge   1882 

The  genus  Colco.soma  is  unique  in  a  num- 
ber of  ways.  Three  species  having  a  wide 
distribution  are  known  from  the  Americas. 
During  my  study  of  American  theridiid 
spiders,  no  additional  species  were  found. 
The  numerous  new  records  are  listed  be- 
low, as  no  common  characteristic  of  their 
niches  could  be  found.  The  males  of  all 
three  species  appear  to  be  ant  mimics,  an 
observation  first  made  by  Mr.  J.  Beatty  in 
Florida  (unpubl.),  while  the  females  are 
web  spiders  living  under  vegetation.  Not 
only  do  the  species  live  in  undisturbed 
habitats,  but  live  Colco.soma  floridanum  ap- 
pear frequently  in  shipping  bo.\es,  arriving 
in  the  United  States  from  other  parts  of  the 
world. 

Coleosoma  acutiventer   (Keyserling) 

Achaea  acutiventer  Keyserling,  1884,  Die  Spinnen 
Amerikas,  2(l):li3,  fig.  74,  9-  Female  holo- 
type from  Ahiragnioe  [Maraynioc,  juniii, 
Prov.  Tarma],  Peru,  in  the  Polish  Academy 
of   Sciences,   Warsaw;   examined. 

Colco.soma  aeutiventer,-he\'i,  1959,  Breviora,  Mus. 
Comp.  Zool.,  No.  110:4,  figs  6-11,  9  c^  ,  map 
1. 

The  cymbimn  of  the  palpus  of  Peruvian 
specimens  is  more  swollen  than  that  of 
specimens  from  the  northern  portions  of  its 
range. 

Distribution.  Southeastern  United  States 
to  southern   I^razil. 

Additiomd  records.  VENEZUELA.  Dist. 
Fed.:  Caracas,  1887-1888  (E.  Simon). 
Carabobo:  San  Esteban,  1888  (E.  Simon). 
COLOMBIA.  Amarca:  Cuaduas  (E.  1. 
Schlinger,  E.  S.  Ro.ss).  ECUADOR.  Napo- 
Pa.slaza:  Rio  Topo  (II.  E.,  D.  L.  Frizzell); 
Cumjas:  (;uaya(iuil  (II.  E.,  D.  L.  Frizzell). 
/:/  Oro:  Hu(>na  \'ista.  25  km  SE  of  Machala 
(R.  Walls).  I'EliL.  Iludnuco:  100  km  E 
of  Tingo  Maria,  9  (  E.  I.  Schlinger,  E.  S. 
Ross).    BRAZIL.    Minas  Gerais:    Caraya.  2 
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9  [vial  with  2  9  labelled  "Caraya.  Parag.," 
in  Paris  Museum];  Est.  Rio  dc  Janeiro:  un- 
der logs  and  stones,  Serra  dos  Orgaos,  1,500 
m,  20  April  1965,  9    (J.  Becker,  H.  Levi). 

Co/eosoma  floridanum   Banks 

Colcosoma  floridana  Banks,  1900,  Canadian  Ento- 
mol.,  32:98.  Male  syntypes  from  Punta  Gorda, 
Florida,  in  the  Museum  of  Comparative  Zool- 
ogy'; examined. 

Coleosoiua  fIoiid(iiuim,-l.e\U  1959,  Breviora,  Miis. 
Comp.  Zool.,  No.  110:6,  figs.  12-17,  9  6, 
map  2. 

Distribution.  Pantropical,  southeastern 
United  States,  Central  America,  West  In- 
dies to  central  Peru  and  Brazil. 

Additional  records.  VENEZUELA. 
Merida:  Timotes  (in  Frankfurt  Museum); 
Dist.  Fed.:  Caracas  (E.  Simon);  La  Guaira, 
1887-1888  (E.  Simon).  Carahobo:  San 
Esteban,  1888  (E.  Simon).  BRITISH 
GUIANA:  Georgetown  (A.  M.  Nadler). 
FRENCH  GUIANA:  Cayenne  (A.  M. 
Nadler).  ECUADOR.  Guaijas:  Milagro 
(H.  E.,  D.  L.  Frizzell);  Guayaquil  (H.  E., 
D.  L.  Frizzell).  PERU.  Hudnuco:  Monzon 
Vail,  Tingo  Maria  (E.  I.  Schlinger,  E.  S. 
Ross).  BRAZIL.  Parci:  in  package  which 
arrived  from  Belem  in  Cambridge,  Mass., 
7  Nov.  1961,  9.  Pernambuco:  Recife  (in 
Frankfurt  Museum). 

Co/eosoma   normale   Bryant 

Colcosoma  normale  Bryant,  1944,  Psyche,  51:56, 
figs.  2,  5,  8,  10,  9  $.  Male  holotype  from 
Fort  Myers,  Florida,  in  the  Museum  of  Com- 
parative Zoology;  examined. — Levi,  1959, 
Breviora,  Mus.  Comp.  Zool.,  No.  110:3,  figs. 
l-,5,    9  6  ,  map  1. 

Distribution.  North  Carolina,  Arizona,  to 
southern  Brazil  (previously  known  only 
from  northern  South  America). 

Collection.  BRAZIL.  Est.  Rio  de  Janeiro: 
among  logs  and  stones,  Serra  dos  Orgaos, 
1,500  m,  20  April  1965,  9  (J.  Becker,  H. 
Levi ) . 

He/v/b/s  chilensis   (Keyserling) 
Figures   17-21 

Formicinoides  chilensis  Keyserling,  1884,  Die  Spin- 
nen  Amerikas,  2(1):215,  pi.  10,  fig.    129,   9. 


Female   holotype   "from   Chile,"   in    the   Mu- 
seum National  d'Histoire  NatLirelle,  Paris;  ex- 
amined. 
Hclvibis  chileihsis,-^evi,  1964,  Trans.  Amer.  Micro- 
scop.  Soc,  83:135,  figs.    1-6,   9. 

Description.  Male.  Carapace,  sternum, 
dark  brown.  Legs,  including  coxae,  light 
brown;  abdomen  with  scutum  dark  brown, 
soft  area  gray  to  whitish.  Cephalothorax 
as  illustrated,  striated  with  fine  grooves; 
stalk  finely  annulated;  sternum  punctate. 
Anterior  median  eyes  one  and  one-half 
diameters  apart,  one  diameter  from  laterals. 
Posterior  median  eyes  a  little  less  than  one 
diameter  apart,  one  and  three-quarters 
diameters  from  laterals;  eyes  subequal  in 
size.  Abdomen  with  the  ventral  shield  (Fig. 
19).  Total  length,  3.5  mm.  Carapace,  2.2 
mm  long,  1.0  mm  wide.  First  femur,  4.0 
mm;  other  segments  broken  off.  Second 
patella  and  tibia,  2.1  mm;  third,  1.3  mm; 
fourth,  2.5  mm. 

Discussion.  This  species  was  known  only 
from  the  type,  coming  from  "Chile."  The 
type  locality  has  been  questioned.  The  male 
tiiat  probably  belongs  to  this  species  comes 
from  the  Amazon  Basin,  as  do  all  other  spe- 
cies of  Helvibis. 

Record.  BRAZIL.  Amazonas:  Benjamin 
Constant,  Sept.  1963,  S  (K.  Henks,  Sao 
Paulo  Museum). 

Episinus  cognatus  O.   P.-Cambridge 

Episiinis  cognatus  O.  P.-Cambridge,  1893,  Biologia 
Centrali- Americana,  Araneidea,  1:109,  pi.  15, 
fig.  2,  6  .  Male  holotype  from  Teapa,  Ta- 
basco, Mexico,  in  the  British  Museum. -Levi, 
1955,  J.  New  York  Entomol.  Soc,  62:71,  figs. 
8-10,  21,  22,  33,  41,  9  $  ;  1964,  Bull.  Mus. 
Comp.  Zool.,   131:13,  map. 

The  southernmost  record  of  this  species 
is  Quincemil,  750  m,  Cuzco,  Peru,  Sept. 
1962  (L.  Peiia). 

Episinus  rio  sp.   n. 
Figures  22-24 

Holotype.  Female,  from  sweeping  in  for- 
est on  Pico  da  Tijuca,  500  to  950  m,  Rio  de 
Janeiro,  Est.  Guanabara,  17  April  1965  (H. 
Levi),  in  the  Museum  of  Comparative  Zool- 
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ogy.  The  specific  name  is  an  arbitrary  com- 
bination of  letters. 

Description.  Carapace  yellow-brown 
with  a  black  line  around  margin,  eye  area 
reddish.  Sternum  black.  Distal  ends  of  leg 
segments  darker.  Transverse  black  pigment 
band  at  widest  part  of  abdomen.  Anteriorly, 
two  lateral  dark  patches;  venter  with  black 
pigment,  darker  posteriorly.  Two  distinct 
horns  between  eyes.  Anterior  median  eyes 
largest,  others  silvery  with  small  lenses  on 
modified  opaque  lens.  Abdomen  subtri- 
angular  without  nipples,  but  with  two  dis- 
tinct depressions  on  dorsum  (Fig.  24).  Total 
length,  1.9  mm.  Carapace,  0.(S  mm  long, 
0.8  mm  wide.  First  femur,  1.6  mm;  patella 
and  tibia,  1.8  mm;  metatarsus,  1.8  mm; 
tarsus,  0.7  mm.  Second  patella  and  tibia, 
1.0  mm;  third,  0.6  mm;  fourth,  1.4  mm. 

Dioii^no.sis.  This  species  is  close  to  Epi- 
sinu.s  J)icniciofus  (Simon)  but  differs  in  that 
the  median  area  of  the  epigynum  is  wider 
than  long  (Fig.  23),  while  in  E.  hicniciatiis 
it  is  longer  than  wide.  It  differs  from  E. 
aspus  Levi  by  lacking  the  anterior  median 
dark  area. 

Episinus  cuzco  sp.   n. 
Figures  25-27 

Holotype.  Female  and  juvenile  paratype 
from  road  up  to  Machu-Picchu  ruins  from 
railroad  station,  2,100  m,  in  forest,  Cuzco, 
Peru,  20  Feb.  1965  (H.  Levi),  in  the  Mu- 
seum of  Comparative  Zoology.  The  species 
is  named  after  the  type  locality,  the  specific 
name  being  a  noun  in  apposition. 

Description.  Carapace  whitish  with  a 
wide  dark  band  on  each  side.  Sternum  and 
legs  whitish.  The  anterior  two-thirds  of 
abdomen  has  scattered  white  and  black  pig- 
ment and  some  black  pigment  near  pos- 
terior tip.  Venter  without  pigment.  Eyes 
silvery,  except  anterior  medians,  and  with 
very  small  lenses  on  tubercle  which  is  a 
modified  lens.  Abdomen  with  median  dor- 
sal tubercle  (Fig.  25).  Total  length,  2.0 
mm.  Carapace  0.8  mm  long,  0.8  mm  wide. 
First  femur,  1.8  mm;  patella  and  ti])ia,  1.8 
mm;   metatarsus,   1.9  mm;  tarsus,  0.6   mm. 


Second  patella  and  tibia,  1.1  mm;  third,  0.8 
mm;  fourth,  1..3  mm. 

Diaii,nosis.  This  species  keys  out  to  Epi- 
sinus jiiarczi  Levi  but  differs  in  the  struc- 
ture of  the  seminal  receptacles  and  the 
epigynum  (Figs.  26,  27). 

Thwaifesia  affinis  O.  P. -Cambridge 
Figure  3 

Thwoitesia  affinis  O.  P. -Cambridge,  1882,  Proc. 
Zool.  Soc.  London:4.31,  pi.  31,  fig.  8a,  9  i. 
Syntypes  from  the  "Amazon,"  in  the  Hope 
Department  of  Entomology,  Oxford;  examined. 
—Levi,  1963,  Psyche,  70:231,  figs.  14-19, 
9  i  ,  map  2. 

This  species  has  been  collected  from  un- 
der leaves  in  open  .shrubby  vegetation,  both 
near  the  city  of  Sao  Paulo,  and  Barra  da 
Tijuca,  Est.  Guanabara,  Brazil. 

Anelosimus   ethicus   (Keyserling) 

Theiidimu  ethicum  Keyserling,  1884,  Die  Spinnen 
Amerikas,  2(1):44,  pi.  2,  fig.  24,  £.  Male 
holotype  from  Rio  de  Janeiro,  Brazil,  in  the 
Naturhistorisches  Museum,  Vienna;  examined. 

Anelosimus  cthicus,-L,evi,  1956,  Trans.  Amer.  Mi- 
croscop.  Soc.,  75:416,  figs.  25,  28-30  9  <5 ; 
1963,  Ibid.,  82:34. 

The  living  spider  has  reddish  pigment  on 
dorsum  of  abdomen,  particularly  on  sides  of 
longitudinal  band. 

Disfrilnition.  Brazil  from  Ceara  to  Rio 
Grande  do  Sul. 

Collections.  BRAZIL.  Sao  Paulo:  forest 
of  botanical  garden,  in  shrub,  web  in  curled 
up  leaves,  9  6    (P.  de  Biasi,  H.  Levi). 

Anelosimus  studiosus   (Hentz) 
Figure   2 

Thehdion  studiosum    Hentz,   1850,   J.   Boston   Soc. 

Natur.    Hist.,    6:274,    pi.    9,   fig.    5;    holotype 

lost. 
Anelosimus    studiosus,-'Lv\'\,     1956,    Trans.    Amer. 

Microscop.    Soc,   75:418,   figs.   21-23,   .37-.39, 

map;   1963,  Ibid.,  82:36. 

Distribution.  From  eastern  United  States, 
eastern  Mexico,  P(tu,  to  Argentina. 

Collection's.  BRAZIL.  Sdo  Paulo:  forest 
of  botanical  garden,  in  shrubs  in  curled  up 
leaves,  9.  Est.  Guanabara:  dense  web  in 
shrubs,  Barra  da  Tijuca,   2. 
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Figure   3.     Jhwaitesia   affinis   O.    P. -Cambridge.     Female    under   leaves   near  Sao   Paulo,    Brazil. 


Figure    4.      Argyrodes    longissimus    (Keyserling).      Collected    sweeping     along     forest,     Urubamba     River     near     Mochu-Picchu, 
Cuzco,    Peru;    picture    taken    several    minutes    after    being    placed  on   a    plant. 
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Wirada   tijuca   sp.   n. 
Figures  28-31 

Holotypc.  Male  from  Pico  da  Tijuca, 
500-950  m,  in  forest,  Rio  de  Janeiro,  Est. 
Guanabara,  Brazil,  17  April  1965  (H.  Levi), 
in  the  Museum  of  Comparative  Zoology. 
The  specific  name  is  a  noun  in  apposition, 
after  the  type  locality. 

Description.  The  whole  animal  is  brown 
to  black,  depending  on  the  amount  of 
sclerotization.  Carapace  and  sternum  with 
tubercles.  Anterior  median  eyes  largest,  al- 
most touching,  less  than  their  radius  from 
laterals.  Posterior  median  eyes  more  than 
two  diameters  apart,  one  diameter  from 
laterals.  Dorsum  of  abdomen  is  a  circular, 
convex,  heavily  sclerotized,  highly  polished 
disc  (Fig.  28).  Venter  with  sclerotized 
plates  as  in  Figure  29,  the  dorsal  plate  over- 
hanging all  around.  Total  length,  1.5  mm. 
Carapace  0.57  mm  long,  0.65  mm  wide. 
First  femur,  0.54  mm;  patella  and  tibia,  0.50 
mm;  metatarsus,  0.30  mm;  tarsus,  0.30  mm. 
Second  patella  and  tibia,  0.44  mm;  third, 
0.40  mm;  fourth,  0.50  mm. 

Diag,nosis.  This  species  is  separated  from 
the  other  two  species  of  Wirada,  known 
from  Venezuela  to  Ecuador,  by  the  struc- 
ture of  the  palpus  (Figs.  30,  31). 

Argyrodes  longissimus   (Keyserling) 
Figure  4 

Ariamne.s  longissimus  Keyserling,  1891,  Die  Spin- 
nen  Amerikas,  3:202,  pi.  7,  fig.  145.  Syntypes 
from  Est.  Rio  de  Janeiro,  Brazil,  in  the  British 
Mnsenm;   examined. 

Arfii/rodes  longissimus,-E\\inL'  and  Levi,  1962, 
Bnll.  Mus.  Comp.  Zool.,  127:127,  figs.  100- 
109,    9  $ ,  map  4. 

Collection.  PERU.  Ctizco:  An  adult  male 
was  collected  by  sweeping  in  the  rain  forest 
along  the  Urubamba  River  near  Machu- 
Picchu  ruins  at  2,000  m,  21  Feb.  1965. 
Tlie  species  had  previously  been  known 
only  from  southeastern  Brazil.  It  was  green 
in  color  when  alive  (Fig.  4). 

Argyrodes  brasiliensis  (Mello-Leitao), 
new   combination 

Rhoniphaea  hrasilicmis  Mello-Leitao,  1919  (1920), 
Rev.  Soe.  lirasilcira  Sci.,  3:174.    Mature  liolo- 


type  from  Pinheiro,  Est.  Rio  de  Janeiro,  Brazil, 
in  the  Museu  Nacional,  Rio  de  Janeiro;  exam- 
ined. 
Argyrodes  honestus  Exline  and  Levi,  1962,  Bull. 
"Mus.  Comp.  Zool.,  127:110,  figs.  14-15,  41- 
43,  9  S  ,  map  2.  Male  holotype  from  Nova 
Teutonia,  Santa  Catarina,  in  the  Senckenbcrg 
Museum,  Frankfurt.     NEW   SYNONYMY. 

Distribution.  Venezuela  to  southern 
Brazil. 

Argyrodes  projiciens   (O.   P.-Cambridge) 

Rhoniphaea  projiciens  O.  P.-Cambridge,  1896, 
Biologia  Centrali-Americana,  Araneidea,  1: 
186,  pi.  23,  figs.  9,  10.  Male,  female  syntypes 
from  Teapa,  Tabaseo,  Mexico,  in  the  British 
Museum;   examined. 

Ariamnes  feioi  Mello-Leitao,  1947,  Bol.  Mus.  Nac., 
Rio  de  Janeiro,  N.  S.,  Zool.,  80:10,  fig.  46. 
Female  holotype  from  Rio  Clara,  Minas  Gerais, 
Brazil,  in  the  Museu  Nacional,  Rio  de  Janeiro; 
examined.    NEW  SYNONYMY. 

Argyrodes  proiicien,s,-Ex\me  and  Levi,  1962,  Bull. 
Mus.  Comp.  Zool.,  127:106,  figs.  8-10,  29- 
31,    9  ^ ,  map  2. 

Distribution.  Southern  United  States  to 
Paraguay. 

Argyrodes  altissinnus  (Mello-Leitao), 
new  combination 
Figures  35-37 

Rhoni))]i(iea  alti-ssinia  Mello-Leitao,  1941,  Arq. 
Inst.  Sao  Paulo,  11:249.  Female  holotype  from 
Rio  Negro,  Parana,  Brazil,  in  the  Museu 
Nacional,  Rio  de  Janeiro;  examined. 

The  single  specimen  examined  is  very 
close  to  A.  projiciens;  however,  it  differs 
in  having  the  opening  of  the  epig}'num 
(Fig.  37)  more  anterior  than  in  any  speci- 
men of  the  latter  species  examined.  Thus 
it  is  believed  to  belong  to  a  separate  spe- 
cies. 

Argyrodes  elevatus  Taczanowski 

Argyrodes  elcvafus  Taizanowski,  1872  (1873), 
Horae  Soc.  Fnt.  Ro.ssicae,  9:120,  pL  5,  fig.  12. 
Female  holotypc  from  Uassa,  French  Guiana 
[Rio  Ua(,'a,  Amapa,  Brazil]  in  the  Polish  Acad- 
emy of  Sciences;  examined. — Exline  and 
Levi,  1962,  Bull.  Mus.  Comp.  Zool.,  127:134, 
figs.   128-132,    9  i,  map  5. 

Coiioi)i'>lJia  frilnirgensis  Mello-Leitao,  1943,  An. 
Acad.  Brasileira  Cienc,  15:259.  Female  holo- 
type   from    [No\'a]    I'^riburgo,    [Est.]    Rio    de 
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Figures  5,  6.     Achaearanea  orgea  sp.    n.     5.    Female  genitalia,  dorsal  view.    6.  Epigynum. 

Figures   7-9.      Tberidion   humboldti  sp.   n.     7.    Dorsal   view  of  abdomen    of    female.      8.     Female    genitalia,     dorsal     view.      9. 

Epigynum. 

Figures   10-12.     Thymoites  pah  sp.    n.     10.   Female,   dorsal  view.     11.    Female  genitalia,   dorsal   view.     12.    Epigynum. 

Figures    13,    14.     Thymoltes   urubamba  sp.    n.     13.    Female   genitalia,    dorsal    view.     14.    Epigynum. 

Figures    15,    16.     Thymoifes   machu   sp.    n.     15.    Female   genitalia,    dorsal    view.      16.    Epigynum. 

Figures    17-21.     Helvibis  chilensis    (Keyserling).     17.    Dorsal    view  of    male    carapace.     18.    Male   sternum,    coxae  and    pedicel. 

19.   Male   lateral   view.     20,   21.    Left   palpus.     20.   Mesal   view.    21.  Ventral  view. 
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Janeiro,  in  the  Museii  Nacional,  Rio  de  Ja- 
neiro; examined.  NEW  SYNONYMY. 
Conopi.stha  pickeli  Mello-Leitao,  1943,  An.  Aead. 
Brasileira  Cienc,  15:259.  Female  holotype 
from  Tapera,  Pernambuco,  Brazil,  in  the 
Museu  Nacional,  Rio  de  Janeiro;  examined. 
NEW  SYNONYMY. 

Distribution.  Southern  United  States  to 
Peru  and  Argentina,  probably  Chile. 

CoUcctions.  This  seems  to  be  by  far  the 
most  common  Arg,yrodes  in  the  webs  of 
Nephila  and  Arf[.iopc  in  the  Sao  Paulo  and 
Rio  de  Janeiro,  Brazil,  areas.  It  was  also 
collected  in  the  Serra  dos  Orgaos  at  1,500 
m  and  in  the  dry  surroundings  of  Santiago 
del  Estero,  Argentina. 

Argyrodes  solidao  sp.   n. 
Figures  32-34 

Ilolotypc.  Female  from  roadside  orb 
web,  Ayude  da  Solidao,  Alto  da  Tijuca,  Est. 
Guanabara,  17  April  1965  (J.  Becker,  H. 
Levi),  in  the  Museum  of  Comparative  Zool- 
ogy. The  specific  name  is  a  noun  in  apposi- 
tion, after  the  type  locality. 

Description.  Carapace,  sternum,  dark 
brown.  Legs  brown.  Abdomen  with  silver 
spots  on  black,  dorsum  much  darker  than 
venter,  mostly  black.  A  broad  black  band 
on  posterior  from  the  humps  to  the  spinner- 
ets. Anterior  median  eyes  larger  than 
others,  one  and  one-half  diameters  apart, 
two-thirds  diameter  from  laterals.  Posterior 
median  eyes  two  diameters  apart,  about  one 
diameter  from  laterals.  Abdomen  as  illus- 
trated by  Figure  34.  Total  length,  2.9  mm. 
Carapace,  1.0  mm  long,  0.6  mm  wide.  First 
femur,  1.6  mm;  patella  and  tibia,  1.7  mm; 
metatarsus,  0.(S  mm;  tarsus,  0.5  mm.  Second 
pat(41a  and  tibia,  0.9  mm;  third,  0.4  mm; 
fourth,  0.6  mm. 

Didi^nosis.  The  cpigynuin  was  taken  olf 
and  examined  by  phase  microscojie  Init  the 
exact  course  ol  tlu>  duct  could  uot  be  fol- 
lowed. Mowever,  the  loop  ol  the  duel  Iroui 
the  opening  between  the  seminal  receptacle 
aud  the  wall  of  the  epigynum  separates  this 
species  from  Ar<j,yro(h's  affinis  ().  P.-C>am- 
bridge,  and  the  coiled  duct  (Fig.  32)  from 
those  having  similar  epigyna. 


Record.  Female  paratype  collected  with 
holotype. 

Steatoda  andina   (Keyserling) 

Lithyphantes  andimts  Keyserling,  1884,  Die  Spin- 
nen  Amerikas,  2(1):132,  pi.  6,  fig.  82,  9  S- 
Syntypes  from  Junin,  Amable  Maria,  Lima 
and  San  Mateo,  Peru,  in  the  Polish  Academy 
of  Sciences,  Warsaw. 

Steatoda  andina,-hv\'i,  1962,  Psyche,  69:26,  figs. 
16-19,   9  6  ,  map. 

Distribution.  From  northern  Venezuela 
to  northern  Chile. 

Record.  PERU.  Lima:  on  loma  in  desert 
under  stone,  Atocongo  near  Pachacamac, 
9,  7  Feb.  1965.  Cuzco:  Cuzco,  3,200  m, 
Feb.  1965  ( F.  Carrasco). 

Steatoda   diamantina   Levi 

Steatoda  diamantina  Le\i,  1962,  Psyche,  69:31, 
figs.  28-30.  Female  holotype  from  Diamantina, 
Minas  Gerais,  Brazil,  in  the  American  Mu- 
seum of  Natural   History. 

One  specimen,  probably  collected  under 
bark,  33  km  S  of  Sao  Paulo,  Brazil,  differs 
in  proportions  of  some  soft  parts  of  the  pal- 
pus from  the  paratype  illustrated. 

Steatoda   chinchipe   Levi 

Steatoda  chinchipe  Levi,  1962,  Psyche,  69:32, 
figs.  31,  32,  9 .  Female  holotype  from  Rio 
Chinchipe,  Cajamarca,  Peru,  in  the  Museum 
of  Comparati\e  Zoology. 

Distribution.  Ecuador,  Cajamarca,  Junin, 
Peru. 

Record.  PERU.  Junin:  San  Ramon,  800 
m,  in  wet  rain  forest  area,  1   9 ,  Feb.  1965. 

Dipoena  mendoza  sp.  n. 
Figures  38-40 

IJolotiipc.  Female  from  Mendoza,  900  m. 
Province  Mendoza,  Argentina,  30-31  March 
1965  (11.  Le\i),  in  the  Museum  of  Compara- 
tive Zoology.  The  specific  name  is  a  noun 
in  apposition  alter  the  type  localit)-. 

Description.  C'arapace,  sternum,  dark 
brown.  All  except  last  coxae  dark  brown. 
Coxae  of  fourth  legs  colorless.  Proximal 
ends  ol  femora  light,  distal  ends  brown. 
Patellae  brown,  all  other  leg  segments 
darker,  w  ith  distal  end  darkest.    Dorsum  of 
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Figures    22-24.  fpis/nus    no   sp.    n.     22.    Female    genitalia,    dorsal  view.     23.    Epigynum.     24.    Female,    dorsal    view. 

Figures    25-27.  Episinus    cuzco    sp.    n.     25.    Female,    dorsal    view.  26.    Female   genitalia,   dorsal    view.     27.    Epigynum. 

Figures   28-31.  Wirada    tijuca   sp.    n.     28.    Male,    dorsal    view.      29.    Male,    ventral    view.      30,    31.    Left    palpus.      30.    Apical 

view.    31 .  Ventral  view. 

Figures   32-34.  Argyrodes   so/idao   sp.   n.     32.    Female   genitalia,  dorsal   view.     33.    Epigynum.     34.    Female,    lateral   view. 

Figures  35-37.  Argyrodei  altissimus  (Mello-Leitao).     35.   Female,  lateral    view.      36.     Female    genitalia,    dorsal    view.      37. 

Epigynum. 
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Figures   38-40.     Dipoena   mendoza  sp.    n.     38.    Epigynum,  cleared.     39.    Epigynum.     40.    Female    abdomen,    dorsal    view. 

Figure   41.     Stealoda    diomanfina    Levi;    left    palpus    (Sao    Paulo). 

Figures   42-44.      Mongoro   lida   (Mello-Leitao).     42.    Ventral    view    of    second    left    femur.     43.    Female    genitalia,    dorsal    view. 

44.    Epigynum. 

Figures   45-48.     Dubiaranea   argenteoviffata  Mello-Leitao.     45.    Anterior    view    of    eye    area    and    chelicerae.      46.     Female, 

lateral   view.     47.    Female   genitalia,   dorsal    view.     48.    Epigynum. 


abdomen  mottled  gray  (Fig.  40),  venter 
uniform  gray.  Chelicerae  half  the  size  of 
elypeus.  Eyes  subeqiial  in  size.  Anterior 
median  eyes  one  diameter  apart,  almost 
touching  laterals;  posterior  median  eyes  less 
than  their  diameter  apart,  one  and  one-half 
diameters  from  laterals.  Abdomen  ovoid  in 
shape,  widest  posterior  of  the  middU'.  Total 
length,  3.4  mm.  Carapace  2.5  mm  long,  2.4 
mm  wide.  First  femur,  3.5  mm;  patella  and 
tibia,  4.0  mm;  metatarsus,  3.1  mm;  tarsus, 
1.1  mm.  Second  patella  and  tibia,  2.6  mm; 
third,  2.1   mm;  fourth,  3.5  mm. 

Diau.iU)sis.    This  sp(>cies  differs  from  all 


other  Dipoena  by  the  sclerotized  arch- 
shaped  ridge  on  the  epigynum  ( Fig.  39 ) , 
and  by  the  two  coils  (Fig.  38),  one  anterior 
to  the  other,  between  the  seminal  recep- 
tacles on  each  side. 

Dipoena   polita   (Mello-Leitao) 

Tlicridula  polita  Mello-Leitao,  1947,  Papci.s 
Avul.sos,  Dept.  Zool.,  Sao  Paulo,  8(11):127. 
Female  holotype  from  Santa  Ciuz,  E.st. 
I'aiaiia,    Bia/il,   apparently  lo.sl. 

The  coloration,  shape,  and  proportions  of 
the  species,  particularly  the  black  stripe  on 
the  anterior  sid(>  of  the  first  and  second  leg 
sugg(\st  that  this  species  belongs  to  Dipoena, 
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not  Thcridula.  Judging  by  the  primitive 
illustration,  it  may  be  D.  militaris  Chicker- 
ing,  1943,  one  of  the  common,  widespread 
Dipoena  species  of  South  America. 

MISPLACED  SPECIES 

LINYPHIIDAE 

DUBIARANEA  Mello-Leitao 

Dul>i(iranea  Mello-Leitao,  1943,  Arq.  Mus.  Nac, 
Rio  de  Janeiro,  37:166.  Type  species  by- 
original  designation  and  monotypy:  D.  argen- 
teovittata.  It  had  been  placed  in  the  family 
Theridiidae. 

Dubiaranea  argenteovittata  Mello-Leitao 
Figures  45-48 

Dubiaranea  argenteovittata  Mello-Leitao,  1943, 
Arq.  Mus.  Nac.,  Rio  de  Janeiro,  37:167,  fig. 
10,  5 .  Female  holotype  from  Rio  Grande  do 
Sul,  in  the  Museu  Nacional,  Rio  de  Janeiro; 
examined. 

Additional  description.  Total  length,  4.8 
mm.  Carapace,  l.S  mm  long,  1.1  mm  wide. 
First  femur,  2.4  mm;  second,  2.1  mm;  third, 
1.5  mm;  fourth,  2.1  mm.  The  epigynum 
(Fig.  48)  has  an  indistinct  rim  around  a 
transparent  raised  area.  The  large  colulus, 
structure  of  the  carapace,  remaining  leg 
spines,  and  the  structure  of  the  chelicerae 
(Fig.  45)  indicate  that  the  species  is  a 
linyphiid. 


ARANEIDAE 

Mangora  fida  (Mello-Leitao),  new 
combination 

Figures  42-44 

Theridion  fidiim  Mello-Leitao,  1943,  Arq.  Mus. 
Nac,  Rio  de  Janeiro,  37:169,  fig.  13,  9.  Fe- 
male holotype  from  Rio  Grande  do  Sul,  in  the 
Museu  Nacional,  Rio  de  Janeiro;  examined. 

Additional  description.  Both  ends  of  each 
femur  have  a  black  spot  on  the  venter  ( Fig. 
42).  The  third  tibia,  as  in  other  Mangora 
species,  has  on  its  anterior  surface  a  row  of 
thin  hairs.  Total  length,  3  mm.  Carapace 
2.4  mm  long,  1.9  mm  wide.  First  patella 
and  tibia,  1.6  mm. 
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INTRODUCTION 

Primitive  primates,  prosimians  in  a  broad 
sen.se  (including  tarsioids),  were  abundant 
in  the  early  Tertiary  of  North  America  and 
Europe.  Many  of  them  are  clearly  extinct 
side  branches  without  special  relationships 
to  any  living  forms.  Others  seem  to  be  close 
to  the  ancestry  of  the  Recent  Lemuriformes 
and  Tarsiiformes,  although  annectant  mid- 
dle and  late  Tertiary  forms  are  not  known. 
Special  affinities  of  known  early  Tertiary 
prosimians  with  the  Lorisiformes  have  been 
suggested  but  not  clearly  demonstrated.  A 
single,  poorly  known  lorisiform  of  probable 
Pliocene   (Nagri)    age  has  been  described 


from  the  Siwaliks  of  India:  Indroloris  luJli 
Lewis,  1933.  All  other  fossils  definitely 
identified  as  Lorisiformes  or  Lorisidae  (in- 
cluding Galaginae )  are  from  East  Africa.  A 
few  specimens  are  from  the  Pleistocene  of 
Olduvai,  Tanganyika,  and  belong  near  or 
in  Gala^o  sene^alemis,  a  living  species  of 
the  same  general  region.  They  have  been 
discussed  elsewhere  (Simpson,  1965).  Speci- 
mens from  the  Miocene  of  Kenya  and 
Uganda  are  more  numerous  and  taxonom- 
ically  varied.  They  are  the  subjects  of  the 
present  study. 

The  first  of  these  specimens  were  dis- 
covered at  Koru,  Kenya,  by  Dr.  A.  T. 
Hopwood  in  1931  for  the  British  Museum 
(Natural  History).  Those  specimens,  de- 
scribed below,  have  not  hitherto  been  men- 
tioned in  print.  The  first  published  speci- 
men was  from  Songhor,  Kenya,  and  was 
named  ProiiaJag^o  dome  by  Maclnnes 
(1943).  Many  more  specimens  were  later 
found  by  Dr.  L.  S.  B.  Leakey  and  his  asso- 
ciates at  Songhor  and  also  at  several  local- 
ities on  Rusinga  Island  in  Lake  Victoria, 
Kenya.  Most  of  these  were  described  by 
Sir  Wilfrid  E.  Le  Gros  Clark  and  Mr.  D.  P. 
Thomas  ( 1952 ) ,  who  referred  the  speci- 
mens in  their  hands  to  three  species  of 
Pwgalago.  In  1956  Le  Gros  Clark  added 
a  description  of  a  nearly  complete  skull, 
identified  as  Profialogo  sp.,  from  Rusinga 
Island.  A  palate  and  facial  skull  from 
Napak,  Uganda,  has  most  recently  been 
described  as  Mioeuotictis  bishopi  by  Leakey 
(in   Bishop,    1962).    Other  specimens   are 
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now  known  that  were  not  included  in  any 
of  those  previous  studies,  and  a  revision 
involving  all  materials  now  available  is  here 
presented. 

Recent  forms  directly  available  for  com- 
parison in  the  Museum  of  Comparative 
Zoology,  Harvard  University,  include  all 
the  genera  and  species  recognized  as  valid 
by  Hill  (1953)  with  the  exception  of  Etio- 
ticus  [or  Galci'^o]  inu.stus,  the  status  of 
which  is  quite  uncertain.  In  any  event,  the 
Miocene  and  Recent  groups  are  sufficiently 
distinct  that  comparisons  at  the  specific 
level  are  not  particularly  significant. 
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Bishop  made  available^  the  type  of  Miocuo- 
ticus  Icdkeyi,  (rom  Napak,  l^ganda.  (Some 
other  specimens  bom  Uganda  and  Kenya 
were  submitted,  but  are  not  included  here 
because  they  proved  not,  or  not  clearly,  to 
be  prosimian. ) 

This  study  was  completed  in  i'ebruary, 
1965,  and   was   originallv    intended    for   in- 


clusion with  studies  of  higher  fossil  pri- 
mates by  Dr.  Leakey.  To  avoid  delay,  it 
is  now  published  separately  with  Dr. 
Leakey's  acquiescence. 

RECENT  LORISIDAE 

The  fossil  lorisids  must  be  compared  in 
the  first  instance  with  the  Recent  forms, 
which  are  therefore  briefly  reviewed.  The 
Recent  Lorisiformes  seem  beyond  serious 
question  to  comprise  a  valid  phylogenetic 
taxonomic  unit  of  rather  closely  related 
groups.  They  have  commonly  been  placed 
in  the  single  family  Lorisidae,  and  I  prefer 
to  continue  that  usage  although,  inevitably, 
some  students  have  split  them  into  two  or 
more  families,  usually  Lorisidae  and  Galag- 
idae  as  by  Hill  ( 1953 ) .  Those  two  sub- 
sidiary lorisiform  taxa  are  here  recognized 
as  subfamilies,  Lorisinae  and  Galaginae,  of 
the  Lorisidae. 

Although  they  retain  many  primitive  fea- 
tures and  are  prosimian  in  evolutionary 
level,  the  lorisids  as  a  whole  also  ha\e 
definite  specializations  in  comparison  with 
the  earliest  or  with  the  most  primitive  living 
primates.  Among  these  specializations  are: 
great  enlargement  of  orbits  and  correlated 
remodeling  of  facial  skull  but  without 
marked  absolute  reduction  of  snout;  com- 
plete bulla  incorporating  the  ectotympanic 
in  its  lateral  part;  inflation  of  the  mastoid; 
reduction  of  incisors  to  two  and  of  pre- 
molars to  three  in  each  jaw;  presumed 
lower  canine  incisiform  and  lorming  with 
the  incisors  the  so-called  "comb";  Pj  canini- 
h)rm;  molars  essi'utialK'  primitive  but  strong 
Inpocone  on  W  -  and  no  distinct  paraconid 
on  Ml  :;;  first  digit  of  manus  and  pes  ex- 
tremel\  (li\ergent,  second  usually  reduced 
and  fourth  usualK-  longest,  grasping  maiiiK 
between  first  and  fourth. 

The  long-standing  distinction  of  lorisines 
and  galagines  in  classifications  has  been 
based  primarily  on  these  characters:  the 
more  elongate  hind  legs,  notabK  in  the 
tarsus,    of    the    galagines;    correlated    loco- 


African  Tertiary  Lorisiforms  •  Simpson        41 


motion,  saltatory  in  galagines  and  hand- 
ov^er-hand  in  lorisines;  and  the  much  more 
active  behavior  of  galagines.  (This  is  an 
unusual  example  of  the  diagnostic  use  of  a 
behavioral  character. )  Classification  of  the 
fossils  must,  however,  be  based  on  skulls. 


jaws,  and  dentitions  for  the  present,  at 
least.  Various  authorities,  especially  Greg- 
ory ( 1922)  and  Hill  (1953),  have  compared 
these  parts  in  the  Recent  members  of  the 
two  groups.  Among  the  supposed  distinc- 
tions are  the  following: 


Lorisinae 

Cranium  less  globular;  posterior  part  flat- 
tened dorsoventrally. 

Bulla  and  mastoid  inflation  variably   less; 
mastoid  projects  laterally. 

Zygoma  and  mandible  deep,  heavy. 

Orbits  directed  more   forward  or  for\vard 
and  upward. 

Interorbital  septum  narrower. 

Palate  and  dental  arch  broader  and  shorter. 

Basicranial  region  shorter,  midcranial  longer. 

Skull  shorter  and  wider. 

P^  relatively  shorter,  not  molariform. 


Galaginae 
More  globular;  not  flattened. 

Strongly  inflated,  but  mastoid  projects  less 
laterally. 

Slender. 

Orbits  directed  more  laterally. 

Wider. 

Narrower  and  relatively  longer. 

Midcranial  shorter,  basicranial  longer. 

Skull   longer  and  narrower    (but  cranium 
relatively  broader,  fide  Hill). 

P]  submolariform;  P^  elongate  with  well  de- 
veloped talonid. 


I  cannot  confirm  any  single  skull  charac- 
ter as  typologically  diagnostic,  that  is,  as 
affording  a  clear-cut  distinction  between  all 
the  members  of  one  subfamily  and  all  of  the 
other.  Evidence  of  pertinence  to  a  sub- 
family may,  nevertheless,  be  given  by  char- 
acters that  do  appear  in  some  members  of 
a  subfamily,  although  not  in  all,  and  that 
do  not  occur  in  the  other  subfamily.  For 
example,  a  relatively  uninflated  bulla,  flat- 
tened ventrally,  and  a  deep,  heavy  mandi- 
ble occur  in  some  Lorisinae  (in  Perodicticus 
and  to  some  extent  in  Nijcticebus,  but  not 
in  Loris  or  Arctocebus)  and  in  no  Galaginae. 
I  have  been  unable  to  confirm  some  sup- 
posed distinctions  in  any  members  of  the 
pertinent  subfamilies.  For  example.  Hill 
( 1953 )  gives  cuspidate  cingula  on  upper 
incisors  and  a  long  upper  post-canine 
diastema  as  characteristic  of  Galaginae  ( his 
Galagidae),  but  I  did  not  find  these  fea- 
tures on  any  specimens  seen  by  me  and 
they  are  absent  in  Hill's  own  illustrations. 


The  only  character  of  skull  and  dentition 
that  I  have  found  to  be  typologically  diag- 
nostic of  the  Recent  subfamilies  is  the 
greater  molarization  of  the  premolars  in  the 
Galaginae.  Even  this  character  must  be 
evaluated  with  caution  when  dealing  with 
fossils.  In  the  first  place,  in  this  family  dm^ 
are  not  lost  until  well  after  M!^  are  in  full 
use.  An  apparent  adult  with  seemingly 
molariform  P^,  diagnostic  of  the  Galaginae, 
may  therefore  in  reality  be  a  young  lorisine 
retaining  molariform  dm].  In  the  second 
place,  the  Recent  lorisine  condition  is  pre- 
simiably  primitive  and  probably  occurred 
at  some  time  in  the  galagine  ancestry.  And 
finally,  any  single  character  such  as  this 
may  not  stand  up  among  all  extinct  lin- 
eages. There  is  no  o  priori  reason  why  some 
Tertiary  lorisine  might  not  have  evolved 
more  specialized  P]  as  in  Recent  galagines. 

Under  these  circumstances,  reference  of 
fossils  to  the  Lorisinae,  Galaginae,  or  neither 
cannot  be  based  on  typological  definitions 
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of  sul^families  but,  if  possible  at  all,  de- 
pends on  balances  of  resemblances  and  on 
possible  phylogenetic  connections  with  one 
or  another  of  the  living  species  and  genera. 

Four  species  of  living  lorisines  are  now 
generally  recognized,  and  these  are  so  dis- 
tinct that  they  are  almost  always  placed  in 
four  monotypic  genera:  Loris  iardiiimdu.s, 
Nycticebus  coucanfi,  Arctoccbus  calabaren- 
sis,  and  Perodicticu.s  potto.  The  geographic 
associations  and  the  vernacular  naming  of 
the  first  two  species  as  "lorises"  and  of  the 
latter  two  as  "pottos"  belie  their  resem- 
blances and  probable  affinities.  Asiatic 
Lorls  most  closely  resembles  African  Arcto- 
ccbus, and  Asiatic  Nycticebus  African 
Pcrodicticus.  The  resemblances  might  con- 
ceivably be  convergent,  but  it  seems  more 
likely  that  they  are  homologous.  It  is  prob- 
abk>  that  the  two  ancestral  Loris-Arctoccbus 
and  Nycticebus-Perodicticus  lineages  first 
became  differentiated  and  that  in  each  a 
geographically  isolated,  vicarious  pair  of 
species  and  genera  later  evolved  in  Asia  and 
Africa. 

Although  the  Calaginae  include  more 
si)ecies  than  the  Lorisinae,  they  are  a  more 
compact  group,  no  two  of  them  differing  as 
much  as  do,  for  example,  Loris  tardi^adus 
and  Pcrodicticus  j)ofto.  Five  species  of  liv- 
ing galagines  are  universally  recognized  and 
one  or  two  more  may  proxc  \alid  although 
now  del  ii led  inadequately,  at  best.  With  the 
inflationary  taxonomy  that  afflicts  all  the 
primates,  each  of  the  five  sure  .species  has 
b(>en  given  generic  rank  at  one  time  or  an- 
other, but  all  have  also  been  placed  in  the 
single  genus  Gal(iii,o.  liill  (1953)  recog- 
nizes Giddiio  with  the  species  sencfi^alcnsis 
(type),  crassicatidatus,  and  atlciti,  Euotictis 
elcfs,antulus,  and  C.alaiioidcs  dcmidovii. 
l^ciilally  and  osteologically,  at  least,  tlic 
last -named  species  seems  (piite  close  to  llie 
Upc  ol  (Utluiio,  and  I  jirefer  to  IcMve  it  in 
til, it  ij;(iiiis,  recognizing  only  the  slightK 
more  abcnaiit  Euoticus  elciiantidus  as 
generically  distinct,  llill  also  recognizes  a 
sixtli  sii|)p()sed  species,  I'jiolicu.s  /uf/.s/i/.s, 
tlie   only   species   here    named    that    I    haw 


not  seen.  It  was  first  described  as  a  sub- 
species of  Gcdap,o  scncfialensis,  which  may 
yet  prove  to  be  its  correct  status,  but  was 
given  specific  rank  and  removed  to  Euoticus 
on  the  grounds  that  the  nails  are  somewhat 
pointed  and  ridged  as  in  that  genus.  That 
single  character  seems  inadequately  defini- 
tive, and  it  is  possible  that  it  occurs  as  a 
specific,  subspecific,  or  indeed  merely  in- 
dividual variation  in  Galai^o. 

There  is  no  e\idence  that  galagines  have 
ever  occurred  outside  of  Africa,  where  they 
seem  to  represent  moderate  radiation  of  a 
single  stock.  They  superficially  resemble 
Torsius,  and  may  be  considered  the  Ethio- 
pian vicars  of  the  Oriental  tarsiers,  but  in 
this  case  it  is  clear  that  the  resemblance  is 
convergent. 

Although  the  Recent  species,  as  here 
listed  (with  the  probable  exception  of 
"Euoticus  inustt^s"),  can  be  readily  identi- 
fied from  skulls  and  dentitions,  all  are 
markedly  \'ariable.  Not  e\en  the  dental 
formula,  variations  in  which  are  often  con- 
sidered by  paleontologists  as  ij)so  facto 
generic,  is  constant.  For  all  species  the 
modal  formula,  in  the  customary  fonn,  is 
indeed  ^T-|-fif ,  as  given  in  all  the  reference 
works,  but  deviations  from  it  are  so  com- 
mon that  they  cannot  be  considered  abnor- 
mal. The  small  Museum  of  Comparati\e 
Zoology  series  of  lorisines  includes  a  skull 
of  Nycticebus  coiu-auis,  with  a  single  pair  of 
up]>er  incisors  and  no  tracc^  of  others,  as 
well  as  one  of  Pcrodicticus  potto  with  no 
trace  of  M-'  on  either  sid(>  and  indeed  no 
place  for  those  teeth  in  the  aKcolar  margin. 
There  is  also  a  skull  of  GahiLio  crassi- 
caudatus  that  has  the  iioinuil  two  incisors 
on  one  side  but  on  the  otiier  sid(>  a  single 
tooth  w  ith  a  bifid  crown,  as  if  the  two  in- 
cisors had  fused  in  [\\v  aKcolar  direction 
and  formed  a  single  crown  base  and  root. 
N'ariations  ol  each  of  the  teeth  in  size  and 
structural  details  ar(>  also  striking,  and  \.\\e\ 
beeoini'  spcctaculai-  in  M'  of  Pcrodicticus 
polio,  which  ina\  be  only  moderately 
sniallcr   than    \\-   and   similar   in   structure. 


African  Tertiary   Lorisiforms   •   Simpson         43 


may  be   a   vestige  with   only  one  distinct 
cusp,  or  may  be  entirely  absent. 

Finally,  a  comment  should  be  made  on 
the  dental  formula.  It  is  generally  assumed 
that  the  teeth  present,  in  terms  of  those 
primitive  for  placentals,  are  l\y,  C|  Vr'j^ 
M\~J^.  However,  I  do  not  know  of  any  con- 
clusive evidence  that  the  third  tooth  in  the 
lower  jaw,  completely  incisiform,  is  not  in 
fact  an  incisor,  in  which  case  the  lower 
canine  has  been  lost.  It  is  also  uncertain 
which  upper  or,  if  any,  which  of  the  original 
three  lower  incisors  and  which  of  the  orig- 
inal four  premolars  have  been  lost.  The  gap 
in  the  upper  series  is  in  the  position  of  l\ 
not  I"'.  The  most  anterior  of  the  remaining 
lower  premolars  occludes  directly  against 
the  posterior  side  of  the  upper  canine,  and 
this  seems  more  likely  for  Pi  than  for  Pj. 
If  this  tooth  is  Pi,  Po  is  probably  the  one 
that  is  absent.  The  teeth  really  present  may 
be  l-;_l  C,\  F-^'l^  M\-l  Nevertheless,  to 
avoid  confusion  in  comparison  with  other 
literature,  I  here  use  the  conventional  iden- 
tifications, and  they  may  finally  prove  to 
be  correct. 

LOCALITIES  AND  AGE 

Collections  in  Kenya  were  made  by  L.  S. 
B.  Leakey  and  his  associates,  for  the  most 
part  from  1947  to  1956,  at  Songhor  and  on 
Rusinga  Island.  Songhor  is  in  Kericho  ap- 
proximately 31  miles  almost  due  east  of 
Kisumu.  Rusinga  Island,  South  Nyanza,  is 
at  the  mouth  of  Kavirondo  Gulf,  40-45 
miles  west-southwest  of  Kisumu.  The  few 
specimens  from  near  Koru  were  found  in 
1931  by  A.  T.  Hopwood.  The  Koru  locality, 
in  Kericho,  is  about  eight  miles  south-south- 
east of  Songhor.  All  three  Kenya  localities 
are  shown,  e.g.,  in  Whitworth,  1954,  fig.  1, 
and  on  War  Office  map  G.S.G.S.  4355, 
Sheet  S.A.  36/3  (the  Kisumu  sheet  of  the 
map  of  East  Africa  on  the  scale  1:500,000). 
The  Songhor  and  Koru  specimens  are  from 
essentially  unified  deposits  of  small  extent. 
Those  from  Rusinga  Island  are  scattered 
over  a  large  area  and  in  a  tliick  and  com- 


plex sequence  of  beds.  The  more  precise 
field  localities  of  the  various  Rusinga  speci- 
mens are  given  below  as  far  as  available. 
Those  localities  are  mapped  and  approxi- 
mately placed  stratigraphically  in  Whit- 
worth, 1954,  figure  2,  and  page  4.  The 
geology  of  Rusinga  Island  and  adjacent 
areas  is  further  discussed  by  Shackleton 
(1951),  Whitworth  (1953),  and  McCall 
(1958). 

The  one  identifiable  specimen  ( Mioeuo- 
ticus)  from  Uganda  is  from  the  dissected 
Tertiary  volcano  Napak  in  Karamoja,  north- 
east Uganda,  or  more  exactly  from  faunal 
site  Napak  I  in  a  col  between  Akisim  and 
Alekilek.  The  geology  is  discussed  and  a 
detailed  map  is  given  by  Bishop  ( 1962 ) . 

At  all  four  localities  the  lorisiforms  are 
accompanied  by  higher  primates  and  by 
numerous  mammals  of  other  orders.  Com- 
plete faunal  lists  are  not  yet  available  for 
any  of  the  localities.  It  seems  highly  im- 
probable that  all  parts  of  the  complex 
Rusinga  sequence  and  the  other  three 
widely  scattered  deposits  are  of  the  same 
geological  age.  The  incomplete  yet  rather 
extensive  faunal  studies  so  far  made  have 
not,  however,  established  any  appreciable 
difference  in  age  or  any  determinable  se- 
quence either  within  the  Rusinga  complex 
or  among  the  four  localities.  The  lorisiforms 
so  far  have  no  significance  in  this  respect. 
As  shown  in  Table  1,  they  are  not  quite  the 
same  at  the  four  localities,  but  the  differ- 
ences could  be  due  entirely  to  chances  of 
discovery  or  to  differences  of  facies,  for 
which  there  is  some  other  evidence  (see 
Whitworth,  1958,  pp.  45-47 ) .  In  any  event, 
they  do  not  in  themselves  suggest  a  tem- 
poral sequence. 

Data  for  correlation  of  these  faunas  with 
the  standard  European  stages  are  exiguous. 
An  early  suggestion  that  they  are  Burdi- 
galian  is  frequently  repeated  and  has  come 
to  seem  authoritative  by  mere  repetition. 
Nevertheless,  it  rests  on  minimal,  incon- 
clusive, and  in  part  conflicting  evidence. 
The  broader,  even  more  frequently  repeated 
statement   that    these    deposits    are    Lower 
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Table  1.     Localities  of  identified  specimens  of  Tertiary  lorisids;  mandibles  only 


Rusinga 


Rla 


R2 


R3a 


Kathwanga  Gumba 


Songhor 


Koru 


Progakigo  dorae 
P.  songhorcnsi.'i 
P.  cf.  .^otighori'tisis 
Komha  rohimius 
K.  cf.   whu.stii.s- 
Kumba  minor 
Propotto  leaketji 


X 


X 


X 


X 


X 


X 


[Probably  also  Rusinga,  site  uncertain] 


X 
X 

X 

X 
X 


X 


Miocene  depends  not  only  on  their  uncer- 
tain correlation  as  Burdigalian  but  also  on 
the  placing  of  the  Burdigalian  itself,  con- 
sidered Lower  Miocene  by  some  authorities 
but  Middle  Miocene  by  others. 

Recently,  Evernden,  Savage,  Curtis,  and 
James  ( 1964 )  have  reconsidered  the  age  of 
the  Rusinga  deposits  on  the  basis  of  potas- 
sium/argon ratios  and  also  (at  second  hand) 
the  faunas.  They  conclude  that  the  age  is 
Barstovian  in  American  terms,  which  would 
be  Vindobonian  ( in  a  broad  sense,  at  least ) 
in  European  terms.  Most  stratigraphers 
would  call  that  late  Miocene  although  some 
might  consider  it  middle  Miocene.  In  their 
sample  data,  Evernden  et  al.  confusingly 
give  the  age  of  their  Rusinga  rock  samples 
as  "Early  Miocene  (?),  Early  Pliocene  {?)." 
The  radiological  date  was  arrived  at  by 
selecting  one  of  five  radically  discrepant 
results.  Three  are  obviously  wrong.  An- 
other, although  discarded,  would  place  the 
beds  in  tlu'  Ikudigalian,  which  has  long 
been  considered  probable  on  other  grounds. 
Their  selected  date  indicates  little  or  no 
difference  in  age  from  beds  at  Fort  Teriian 
where  the  iauna  is  clearly  and  decidedh 
later.  Their  conclusion  on  radiological 
grounds  is  unconxincing,   at  best. 

Hie  paleontological  evidence  of  these 
authors  is  even  less  convincing.  The  record 
real!)  most  suggestive  oi  middle  or  late 
Miocene  age  is  jXTJiaps  Dorcdlhcriuni. 
which  is  predominantK'  Vindobonian  in 
Europe.  However,  contrar\  to  their  Tai)le 
7,  the  genus  has  been  rejiorted  from  the 
Burdigalian.    The  African  h)nns  are,  more- 


over, distinctive  and  might  well  represent 
pre-Vindobonian  origin  of  the  genus  in 
Africa  or  an  allied  but  earlier  genus.  Aside 
from  that,  Exernden  ct  al.  emphasize  "a 
number  of  forms  .  .  .  never  .  .  .  reported 
previously  in  early  Miocene  deposits,"  but 
without  exception  these  are  groups  with 
such  scantv  fossil  records  that  thev  could 
just  as  well  turn  up  in  the  early  Miocene  as 
anywhere  else.  The  authors  include  gala- 
gines  in  this  supposed  e\idence  for  post- 
early  Miocene  age,  but  in  fact  (as  their 
own  Table  7  shows)  no  fossil  galagines 
have  been  reported  from  an\'  other  de- 
posits. They  have  at  present  no  bearing 
whatever  on  the  age  of  these  beds  within 
the  Cenozoic.  This  is  not  the  place  to  dis- 
cuss the  correlation  further,  and  the  data 
for  doing  so  are  not  yet  adequate.  It  must, 
however,  be  emphasized  that  the  fossils 
described  here  do  not  help  in  this  respect. 
In  themselves  they  do  not  suggest  any  par- 
ticular age,  and  the  indirect  e\idence  at 
present  hardly  warrants  greater  precision 
than  to  say  that  they  are  probably  Miocene. 

CONSOLIDATED  SPECIMEN  LIST 

Specimens  collected  b\'  Leake\'s  parties 
generally  have  field  designations  including 
a  symbol  for  the  area  of  collection,  the 
serial  number  lor  the  s(>ason,  and  the  \ear. 
marked  on  the  spt>cimens  tlu>msel\es  in 
India  ink.  Thus  Sl()'49  indicates  the  tenth 
specimen  collected  at  Songhor  in  1949. 
Most  ol  the  specimens  described  b\  Le 
Cros  C]lark  and  Thomas  (  1952)  were  gi\(Mi 
their    field    designations.    onl\ ,    in    slightK 
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different  fonn,  SIO'49,  for  example,  being 
published  by  them  as  S.IO,  1949.  Other 
field  designations  have  R  for  Rusinga 
Island.  The  types,  only,  of  three  species 
pre\ioiisly  recorded  from  Kenya  were  de- 
posited in  the  British  Museum  ( Natural 
History)  where  they  were  given  numbers 
in  the  register  of  fossil  mammals  ( indicated 
by  the  prefix  or  superscript  M).  Thus  the 
tvpe  of  Progala^o  dome,  S9'38,  is  also  B.M. 
('N.H.)M.  16907,  and  is  so  listed  by  Le  Gros 
Clark  and  Thomas.  Specimens  not  in  the 
British  Museum  are,  with  few  exceptions, 
in  the  Coryndon  Memorial  Museum,  Nai- 
robi, Kenya.  Almost  all  the  primate  speci- 
mens of  the  Leakey  collections,  including 
some  already  registered  with  British  Mu- 
seum (Natural  History)  numbers,  were  there 
listed  and  numbered  in  a  special  manuscript 
catalogue  of  fossil  primates.  Thus  the  type 
of  Progalago  minor  has  the  number  103  on 
the  specimen  itself  (for  S103'48),  is  de- 
scribed as  Brit.  Mus.  (Nat.  Hist.)  M.  16877 
by  Clark  and  Thomas,  but  has  the  Coryndon 
Memorial  Museum  (hereafter  abbreviated 
C.M.M.)  primate  catalogue  number  297. 
The  latter  numbers  have  not  hitherto  been 
used  in  publication,  but  are  useful  for  find- 
ing and  identifying  the  specimens  at  C.M.M. 
The  two  specimens  from  Koru  have  British 
Museum  numbers,  only,  and  the  one  speci- 
men from  Napak  has  both  a  field  number 
and  a  registry  number  (NAP.  1.3.6/58) 
given  by  Bishop  ( 1962 )  in  the  original 
publication. 

Completeness  of  reference  to  previous 
literature  and  existing  collections  and  ar- 
chives thus  involves  five  different  systems, 
with  at  least  two  distinct  designations  for 
each  specimen  in  most  cases  and  sometimes 
three.  Repeated  complete  listing  in  text, 
tables,  and  legends  of  illustrations  would 
be  almost  impossibly  clumsy.  There  is  also 
some  convenience  in  having  data  on  all 
specimens  given  just  once  in  a  consolidated 
list.  I  therefore  give  such  a  list  in  this 
section  along  with  irrcducibly  short  and 
simple  letter  designations  (A,  B,  etc.)  which 
will  be   used   throughout   the   rest   of   this 


study.  Although  still  another  set  of  speci- 
men designations  is  thus  added,  this  reduces 
the  complication  and  confusion  that  would 
ensue  from  attempts  to  use  those  already 
applied.  Available  locality  data,  reference  to 
previous  publications  ( if  any ) ,  and  notes 
as  to  anatomical  parts  preserved  are  given 
in  this  list  and  not  repeated  elsewhere. 

There  are  no  instances  of  association  of 
skull  and  mandible  or  upper  and  lower 
teeth.  Those  two  categories  of  specimens 
are  therefore  listed  separately.  The  classifi- 
cation is  at  present  based  primarily  on 
lower  dentitions,  and  they  alone  figure  in 
the  distribution  data  of  Table  1. 

Lower  Jaws  and  Teeth 

Progolago  dorae 

A.  Type.  S9'38;  C.M.M.  100;  B.M.(N.H.) 
M.  16907.  Left  ramus:  P4,  M,;  alveoli 
P.,  Ml,  M;>.  Maclnnes,  1943,  pp.  145- 
148,  pi.  23,  figs.  2,  2A,  2B.  Clark  & 
Thomas,  1952,  p.  2,  pi.  2,  figs.  4,  5. 

B.  R608'49;  C.M.M.  370.  Left  ramus:  ^^^ 
(broken).  Ma,  NL  (broken);  alveoli  P2-4. 
Clark  &  Thomas,  1952,  p.  5.    Site  RIA. 

C.  S310'49;  C.M.M.  404.  Right  ramus:  Po  4. 
Clark  &  Thomas,  1952,  pp.  3-4,  pi.  3, 
fig.  6. 

D.  S104'48;  C.M.M.  298.  Right  ramus:  P..  .; 
alveoli  P4-Mn.  Clark  &  Thomas,  1952, 
p.  4. 

Pro  go  lago  songli  o  rem  is 

E.  Type.  SIO'49;  C.M.M.  .388.  Left  ramus: 
Mn_3.  Clark  &  Thomas,  1952,  pp.  4-5, 
pi.  3,  figs.  7-8   (as  "Progalago  dorae"). 

F.  S81'47;  C.M.M.  206.  Left  ramus:  M, 
(broken),  M..  Clark  &  Thomas,  19.52, 
p.  5. 

P.  ef.  songliorcmis- 

C.    R167'51;   C.M.M.   625.    Left   ramus:     R^ 
Ml    (all  broken);   alveoU  L-P,.    Clark  & 
Thomas,    1952,   pp.   .5-6,   text-fig.    1    (as 
"Progcdago  dorae").    Kathwanga. 
Komba  r(d)itsius- 

H.  Type.  S390'49;  C.M.M.  414;  B.M.(N.H.) 
M.  16876.  Right  ramus:  P.,  (broken), 
P4-M0;  alveoli  L>-P..  Clark  &  Thomas, 
19.52,  pp.  9-10,  pi.  3,  figs.  14,  16  (as 
"Progalago"  rohustus ) . 
I.  S102'48;  C.M.M.  296.  Left  ramus:  IV 
Mo;  alveoli  P..  Clark  &  Thomas,  1952, 
pp.  10-11  (as  "Progalago"  robiistus). 
J.  S8'47;  C.M.M.  194.  Right  ramus:  M.; 
alveoli  Mo.  Clark  &  Thomas,  1952,  p.  11, 
pi.  3,  fig.  12  (as  "Progalago"  rohustus). 
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K.     R76'51;  C.M.M.  621.    Right  ramus:    Mi-s 
(all  imperfect).    Site  R3a. 

L.    R618'.50;  C.M.M.  544.   Right  ramus:  Mi  .■>. 
Clark  &  Thomas,  1952,  p.  10,  pi.  3,  fig.  15 
(as  ^'Progalago"  robiistus).    Site  Gumba. 
K.  cf.  rohustiis 

M.    R278'56;  C.M.M.  717.  Right  ramus:  M2-3. 

Site  R2. 
N.    B.M.(N.H.)  M.  14282.    Right  ramus:    P4- 
M-..     Collected    by    A.    T.    Hopwood    at 
Koru,  1931. 
?Koniba  minor 

O.  Type.  S103'49;  C.M.M.  297;  B.M.(N.H.) 
M.  16877.  Right  ramus:  Mm.  Clark  & 
Thomas,  1952,  pp.  11-12,  pi.  3,  figs.  17- 
18  (as  "Progalago"  minor). 

P.  S458  (no  other  date).  Left  ramus:  P4- 
M.. 

Q.    R611'49;  C.M.M.  371.    Left  ramus:   M,  ,. 
Clark  &  Thomas,  1952,  p.   12    (as  "Pro- 
galagd'  minor).    Site  Rla. 
Propotto  leakeyi 

R.  Type.  S391'49;  C.M.M.  421A.  Right 
ramus:  P3-M2,  alveoli  of  M.^. 

S.  SONGHOR.  (The  locality  "Soughor," 
without  field  number  or  year  of  collec- 
tion, is  lettered  on  the  specimen;  the  label 
with  tlie  specimen  belongs  to  an  upper 
molar  from  Rusinga  1  and  is  incorrect. ) 
Left  ramus:  P3-M1,  M;!,  alveoli  of  M2. 

T.     r58;    C.M.M.    745.     Right   ramus:    \U  ,., 
roots  of  P4-M1.     ( Site  not  definitely  en- 
tered but  probably  Rusinga. ) 
Lorisidac  indet. 

U.  R649'49;  C.M.M.  372.  Isolated  tooth. 
Site  "Kanugere  beyond  R3a."  This  closely 
resembles  a  galagine  left  P2  and  was 
identified  as  that  tooth  of  Progalago 
dorae  by  Clark  &  Thomas,  1952,  p.  4. 
It  is,  however,  too  large  to  belong  to 
that  species  and  it  cannot  be  definitely 
ascribed  to  any  of  the  forms  here  de- 
scribed. 

V.  R516'49;  C.M.M.  358.  Site  R3a.  An  iso- 
lated P2  ( not  in  bone )  could  belong  to 
Progalago  dorae,  to  which  it  was  referred 
by  Clark  &  Thomas,  1952,  p.  4.  In  in\ 
opinion  the  tooth  does  not  suffice  for 
positive  identification.  Under  the  same 
field  and  catalogue  number  but  almost 
certainly  not  of  the  same  individual  is 
a  bone  fragment  with  tlie  talonid  of  M, 
or  Mj.  Tins  is  inseparable  from  Kondxi 
rohttsttis,  although  it  does  not  suffice  for 
positive   idi'ntification. 

Skills  and  Ui'pkh  li  i;rn 

Cf.  Progalago  dorae 

AA.     Hl*.54;     CAIAI.     702.      Nearly    complete 
skull,  with  right  V'-\r  and  left  M'  ',  and 


alveoli  of  all  other  teeth.  Le  Gros  Clark, 
1956,  pp.  1-6,  pi.  1.  Site  R106B  (west 
of  R106).  (Although  given  a  1954  field 
number,  the  specimen  was  foimd  in 
1952.) 

AF.  S93'48;  C.XLM.  291.  Fragment  of  right 
maxilla  with  roots  of  lateral  incisor  and 
canine  and  crowns  of  P""^.  Clark  & 
Thomas,  1952,  p.  7,  pi.  3,  fig.  9. 

Cf.  Progalago  songhoren.sis 

AE.  B.M.(N.H.)  M.  14301.  Fragment  of  left 
maxilla  with  \V'\  Collected  by  A.  T. 
Hopwood,  1931,  at  Koru. 

AG.  S391'49;  C.M.M.  421B.  Fragment  of  left 
maxilla  with  M". 

AH.    S22'49;  C.M.M.  4()0A.    Fragment  of  left 
maxilla  with  P^  and  remnants  of  M^"". 
Cf.  Koiuha  rohu.stus 

AB.  R279'56;  C.M.NL  718.  Fragment  of  left 
maxilla  with  P^-M=.    Site  R2. 

AC.  R106'48;  C.M.M.  219A.  Fragment  of  left 
maxilla  with  M^'.  Clark  &  Thomas,  1952, 
p.  6,  pi.  3,  fig.  10.    Site  R106. 

AD.  Rl()05'50;  C.M.M.  555.  Cranial  part  of 
skull  with  much  of  cndocast  exposed;  no 
teeth.  Clark  &  Thomas,  1952,  p.  14,  pi.  1, 
figs.  1-2;  pi.  2,  fig.  3.    Site  R3. 

Lorisine  indet. 

Al.  S643'56  (no  C.M.M.  number).  Fragment 
of  right  maxilla  with  broken  M". 

Miocuotiriis  hishopi 

AJ.  Field  No.  3'58;  registr\  number  NAP. 
1.3.6/58.  This  specimen  is  part  of  a  col- 
lection made  by  W.  W.  Bishop  for  the 
Geological  Survey  of  Uganda.  There  was 
an  imderstanding  that  type  material  from 
that  collection  would  exentually  be  lodged 
in  the  British  Museum  (Natural  History). 
Facial  part  of  skull  with  right  P"  and  P*- 
M',  left  P'-\f,  and  roots  of  other  teeth. 
The  original  description  (Leakey  in 
Bishop,  1962,  p.  7)  states  in  one  place 
that  right  and  l(4't  P'  are  missing  but 
later  says  correctly  that  the\-  are  present 
and  describes  them.  Described  under  the 
foregoing  registry  number  by  L.  S.  B. 
Leake>-  as  type  of  Mioeitotieus  hi.shopi 
in  Bishop,  1962,  pp.  6-8,  pi.  3,  figs.  A, 
B,  D. 

CLASSIFICATION  AND  DESCRIPTION 
OF  LOWER  JAWS  AND   DENTITIONS 

As  iar  a.s  thr  .spcciiiu'ii.s  Iroin  Kciixa  are 
(•()nc(>rned,  formal  clas.sification  i.s  based  on 
lower  jaws  and  dentitions.  They  are  more 
iiunuToiis  than  parts  of  skulls  and  upper 
dentitions;  they  fall  more  elearly  into  groups 
now    dclina])le;  aiul  the  types  of  tlie  three 
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Table   2.     Identifications   by   Le   Gros    Clark 
AND  Thomas,  1952,  and  in  present  work 


Designa- 
tion in 
present 
consoli- 
dated list 


Identification  by 

Le  Gros  Clark 

and  Thomas 


Present 
identifi- 
cation 


A 

Progalago  dorae 

Progalago  dorae 

B 

Frogalugo  dorae 

Progalago  dorae 

C 

Progalogo 

dorae 

Progalago  dorae 

D 

Progalago 

dorae 

Progalago  dorae 

E 

Progalago 

dorae 

Progalago 
songhorcnsis 

F 

Progalago 

dorae 

Progalago 
songhorensis 

G 

Progalago 

dorae 

Progalago  cf. 
songhorensis 

H 

Progalago 

robustui- 

Komha  robustus 

I 

Progalago 

rohustu.s 

Komba  robustus 

J 

Progalago 

rohustus 

Kond)a  robu.stus 

L 

Progalago 

robust  us 

Komba  robustus 

O 

Progalago 

minor 

Komba  minor 

U 

Progalago 

dorae 

Lorisid  indet.;   not 
P.  dorae 

V 

Progalago 

dorae 

Lorisid  indet.;   in- 
separable from 
P.  dorae 

AC 

Progalago 

dorae 

ef.  Komba  robustus 

AD 

Progalago 

sp. 

cf.  Korjd)a  robustus 

AF 

Progalago 

dorae 

ef.   Progalago  dorae 

species  previously  established  are  all  parts 
of  lower  jaws.  Le  Gros  Clark  and  Thomas 
had  no  specimens  of  the  very  distinctive 
form  here  named  Propotto  leakeyi.  They 
conservatively  placed  all  the  specimens 
available  to  them  in  the  genus  Progalago 
and  most  of  them  in  the  first  species  to  be 
named,  P.  dorae.  It  now  seems  that  at  least 
two  genera  are  present  and  also  that  their 
P.  dorae  embraced  two  closely  allied  but 
distinguishable  species.  The  lorisid  fauna 
is  more  varied  than  then  appeared,  and  a 
further  result  is  that  some  fragmentary 
specimens  then  reasonably  placed  in  P. 
dorae  do  not  now  seem  to  be  definitely 
identifiable.  Reference  to  the  work  of  Le 
Gros  Clark  and  Thomas,  which  retains  its 
value  and  of  course  is  not  repeated  here,  is 
facilitated  by  Table  2,  giving  their  identifi- 
cations and  those  now  proposed  for  all  the 
specimens  known  to  them. 


Family  LORISIDAE  Gregory,    1915 

Under  the  latest  (1961)  International 
Code  of  Zoological  Nomenclature  this  name 
might  be  ascribed  to  Gray,  1821,  or  perhaps 
to  a  still  earlier  author  who  used  any  term 
(even  vernacular)  for  the  "family  group." 
I  urge  reasonable  adherence  to  those  rules, 
but  cannot  bring  myself  to  give  as  authority 
for  a  name  an  author  who  did  not,  in  fact, 
use  it. 

As  mentioned  in  the  summary  of  Recent 
forms,  all  the  living  lorisiforms,  both  lorisine 
and  galagine,  are  here  referred  to  this  one 
family.  The  family  thus  broadly  construed 
clearly  also  embraces  all  the  known  fossil 
lorisiforms.  Their  possible  closer  relation- 
ships are  discussed  in  a  later  section,  where 
it  will  be  shown  that  Propotto  is  lorisine. 
Indraloris  may  be  lorisine  on  equivocal 
and  indirect  evidence,  and  Progalago  and 
Komba  are  uncertain  as  to  subfamily. 

PROGALAGO  Maclnnes 

Type-species:   Progalago  dorae  Maclnnes. 

Progalago  Maclnnes,  1943,  p.  145. 

Knoton  distribution:  Miocene  of  Kenya: 
Rusinga  Island  and  Songhor. 

Diagnosis  (emended  from  Maclnnes, 
1943,  and  Clark  and  Thomas,  1952):  Lori- 
sids  with  dental  formula  and  general  aspect 
of  dentition  as  in  the  Recent  genera.  P4 
(known  in  P.  dorae  only)  oblique;  trigonid 
almost  unicuspid,  faint  indication  of  meta- 
conid;  talonid  large,  broad,  basined,  with 
elevated,  cuspidate  rim  but  cusps  not  prom- 
inent. Molars  with  low,  relatively  bunodont 
cusps;  trigonids  and  talonids  of  about  equal 
height;  trigonids  very  short  proximodistally, 
subquadrate,  without  anterobuccal  cuspule. 
M.3  averaging  more  elongate  than  in  Recent 
galagines.    Mandible  deep  under  M3. 

Discussion:  Maclnnes  based  this  genus 
on  a  single  specimen  and  defined  it  as  hav- 
ing a  unicuspid  P4  and  deep  ramus  under 
Mo.  P4  of  his  specimen  is  worn.  Wlien 
unworn  it  is  indeed  distinctive  but  more 
complex  than  Maclnnes  could  realize,  as 
shown  by  specimen  C  of  my  consoHdated 


48        Bulletin  Muscinn  of  Comparaiivc  Zoology,  Vol.  136,  No.  3 


list,  carefully  described  by  Clark  and 
Thomas  (1952,  pp.  3-4).  Clark  and  Thomas 
also  deleted  from  the  diagnosis  the  depth 
of  the  mandible,  but  that  was  in  order  to 
include  the  two  species  that  are  here  re- 
moved to  the  new  genus  Komba.  So  far  as 
now  appears,  the  depth  of  mandible  noted 
by  Maclnnes  is  a  generic  character  of  Pro- 
^alago.  Specimens  hitherto  referred  to  P. 
dorae  demonstrably  fall  into  two  groups, 
here  defined  as  separate  species. 

Progalago  dorae  Maclnnes 

P.  dome  Maclnnes,  1943,  p.  145. 

Holotijpc:    Specimen  A  of  consolidated 

list. 

Hypodigm:  Specimens  A,  B,  C,  and  D. 
A  doubtfully  referred  skull,  A  A,  is  not  in- 
cluded in  the  technical  hypodigm. 

Known  distribution:  Miocene  of  Songhor 
and  Rusinga  Rla,  Kenya. 

Diagnosis  (new):    Larger  than  P.  song- 
horensis.     M;.    more    rounded.     Molar   tri- 
gonids    relatively    short    and    talonids    ex- 
panded. No  external  cingulum  on  trigonids. 
Measurements  of  lower  teeth  as  in  Table  3. 
Discussion:   Maclnnes'  diagnosis  was  not 
differential,  no  other  species  of  Progalago 
being    then    known.     Clark    and    Thomas 
(1952)    gave  a  diagnosis  differential   with 
respect    to   their    Progalago    robustus    and 
minor,  here  removed  from  this  genus.   They 
cited    the    deep    mandible    and    the    size 
[larger    tliau    robustus    and    minor].     The 
"weakly   developed   external    cingulum    on 
the  anterior  part  of  the  lower  molars'  does 
not  occur  in  the  type  and  is  now  considered 
characteristic  of  a  second  species,  P.  son- 
ghorensis  (below).    Other  characters  given 
in  Clark  and  Thomas'  diagnosis,  not  very 
distinctive  in  any  case,  were  derived  from 
upper    molars    (specimen    AC)    which,    in 
mv  opinion,  probabh'  do  not  b(>l()ng  to  this 
species  or  genus. 

The  specimens  now  placed  in  this  species 
were  all  known  to  (>lark  and  Thomas.  Their 
descriptions  and  figures  plus  the  present 
new  measurements  and  figures  sullice  with- 
out  iiiitlicr  detailed  eonunenl. 


Progalago  songhorensis^  new  species 

Holotijpc:    Specimen  E   of  consolidated 

list. 

Hypodigm:  Specimens  E  and  F.  Speci- 
men C  is  referred  with  doubt. 

Known  distribution:  Miocene  of  Songhor 
and  doubtfully  Kathwanga  on  Rusinga 
Island. 

Diagnosis:  Smaller  than  P.  dorae.  Mo 
somewhat  more  angular.  Molar  trigonids 
slightly  longer,  relatively,  and  talonids 
slightly  less  expanded.  External  cingulum 
on  trigonid.  Measurements  of  lower  teeth 
as  in  Table  3. 

Discussion:  This  species  closely  resem- 
bles P.  dorae,  and  the  specimens  now  placed 
in  it  were  referred  to  P.  dorae  by  Clark  and 
Thomas.  Comparison  is  based  mainly  on 
four  specimens  with  M^  (specimens  A  and 
B  of  P.  dorae;  E  and  F  of  P.  .songlwrcnsis). 
The  size  difference  is  greater  than  one 
would  expect  in  a  single  species,  as  judged 
by  comparison  with  Recent  lorisids,  in 
which  Mj  is  less  variable  than,  for  example, 
M;..  The  difference  in  size  is  also  consist- 
ently associated  with  the  several  morpho- 
logical differences  noted  in  the  diagnosis. 
It  cannot  be  maintained  that  two  species 
are  certainly  present,  but  the  probability 
is  so  great  that  formal  separation  seems 
justified. 

Specimen  C,  also  referred  to  P.  dorae  In 
Clark  and  Thomas,  is  smaller  than  any 
specimens  now  considered  certainly  P. 
dorae  and  is  more  nearly  the  size  of  P. 
songhorcnsis.  It  ma\  be  (^ven  a  bit  smaller 
than  typical  P.  songhorcnsis,  and  reference 
to  Komba  robustus  (a  still  smaller  species 
despite  its  name )  is  possible  but  unlikely. 
Direct  comparison  with  specimens  confi- 
dently referred  to  P.  songhorcnsis  is  im- 
possible because  none  have  the  teeth  pres- 
ent in  G. 

Specimen  C^  is  of  special  interest  because^ 
it  preserxcs  parts  of  the  broken  alveoli  ot 
the  teeth  usualK  (but  perhaps  incorrectly) 
identified  as  Ii  -  C  and  P-  in  lorisids  and 

'  Locative  fonii  of  Sonyhor,  tin-  t>pc  locality. 
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Table  3.  Measi,trements  in  millitmetebs  of  lower  teeth  of  Miocene  Lorisidae  from  Kenya. 
Designations  of  specimens  ( A,  B,  etc. )  refer  to  the  consolidated  specimen  list,  where  other  data  are 
given.  In  each  species,  the  first  specimen  listed  is  the  type.  L,  length  (proximo-distal).  W,  width 
(bucco-lingual).     Measurements   taken  to   0.1    mm  with  calibrated  reticle  in  binocular  microscope. 


Identifications 

P3 

P, 

Mj 

M 

M 

and 

3 

specimens 

L 

w 

L 

\x 

L 

W 

L 

w 

L 

w 

Piogalago  dorae 

A 

— 

— 

3.4 

2.1 

— 

— 

3.7 

3.4 

— 

— 

B 

— 

— 

— 

— 

— 

— 

4.0 

3.4 

ca.  51/4 

_ 

C 

3.1 

1.9 

3.5 

2.2 

— 

— 

— 

_ 

_ 



D 

3.4 

1.8 

— 

— 

— 

— 

_ 

_ 

_ 



Progalago  songhorcnsis 

E 

— 

— 

— 

— 

— 

— 

3.3 

2.7 

3.9    ca.  21/2 

F 

- 

- 

- 

- 

- 

- 

3.5 

2.9 

4.4 

2.7 

Profidlago  cf.  sonp.Ijorcn.sis 

G 

ca.  2V2 

— 

ca.  21/1; 

— 

ca.  3 

ca.  21/2 

— 

— 

_ 

— 

Komha  rohustws 

H 

— 

— 

2.6 

1.6 

2.8 

2.2 

2.9 

2.3 

— 

_ 

I 

— 

— 

2.3 

1.8 

2.8 

2.3 

2.7 

2.4 

_ 

_ 

J 

— 

— 

— 

— 

— 

— 

— 

— 

3.5 

2.1 

K 

— 

— 

— 

— 

— 

— 

2.8 

2.1 

3.1 

2.0 

L 

— 

— 

— 

— 

2.9 

2.5 

3.0 

2.5 

3.7 

2.3 

Komha  cf.  robustus 

M 

— 

— 

— 

— 

— 

— 

2.9 

2.0 

3.4 

2.0 

N 

— 

— 

2.5 

1.5 

2.7 

2.0 

2.7 

2.1 

— 

— 

Komha  minor 

O 

— 

— 

— 

— 

2.2 

1.7 

2.3 

1.8 

2.5 

1.5 

P 

— 

— 

1.8 

1.2 

2.2 

1.6 

2.1 

1.7 

_ 

— 

Q 

- 

- 

- 

- 

- 

ca.  1.8 

2.2 

1.8 

2.6 

1.5 

thus  yields  some  information  on  the  anterior 
dentition  not  obtainable  from  other  known 
specimens.  Clark  and  Thomas  ( 1952,  pp. 
5-6)  concluded  that  C,  the  lateral  incisi- 
form  tooth,  was  not  fully  taken  over  into 
the  incisor  series  and  that  the  three  incisi- 
form  teeth  were  not  as  procumbent  as  in 
modern  galagos.  These  characters  are  ex- 
ceedingly difficult  to  judge  from  so  im- 
perfect a  specimen.  Comparison  of  broken 
alveoli  with  intact  Recent  jaws  is  especially 
confusing  because  roots  and  crowns  are  at 
a  marked  angle  to  each  other  and  the 
alveoli  give  a  false  impression  of  the  de- 
gree of  procumbency  of  the  crowns.  After 
prolonged  comparison,  I  cannot  confirm 
the  reality  of  any  definite  moiphological 
distinction  between  this  fossil  and  the  cor- 
responding parts  of  Recent  Galago.  Cer- 
tainly the  peculiar  specialization  of  the  an- 
terior teeth  in  Recent  lorisids  was  at  least 


nearly  and  probably  quite  attained  already 
in  the  Miocene. 

KOMBA^   new  genus 

Type-species:    Komba   robustus  (Clark  and 

Thomas,   1952). 

Known  distribution:  Miocene  of  Kenva; 
Songhor,  Rusinga,  and  Koru. 

Diagnosis:  Lorisids  with  dental  formula 
and  general  aspect  of  dentition  as  in  the 
Recent  genera.  Similar  to  Progalago,  but 
differing  as  follows:  P4  with  talonid  nar- 
rower relative  to  trigonid,  main  cusp  more 
inedial  or  posterior,  more  distinct  cuspule 
(metaconid?)  posterolingual  to  main  cusp; 
cusps  of  molars  more  acrodont;  molar  tri- 
gonids  higher  than  talonids;  trigonids  rela- 

^  Komba  is  the  Kiswahili  name  for  species  of 
Galago.  Gender  in  the  Latin  sense  does  not  occur 
in  Kiswahili.  The  generic  name  is  arbitrarily  taken 
as  masculine. 
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lively  large,  subtriangular,  with  anterobuc- 
cal  cuspule;  mandible  shallow  under  M.{. 

Discussion:  Clark  and  Thomas  distin- 
guished their  species  "Progalago"  rohustus 
and  "P."  minor  primarily  by  size,  but  also 
mentioned  for  both  the  shallower  mandible. 
As  noted  in  the  foregoing  diagnosis,  these 
two  species  share  other  well-marked  mor- 
phological differences  from  typical  Pro- 
golago.  The  differences  seem  to  me  defi- 
nitely greater  than  bet\veen,  for  instance. 
Recent  Gala  go  and  Euoticiis,  and  on  that 
basis  they  are  ranked  as  generic.  The  two 
species  are  sharply  distinct  and  it  is  even 
possible  that  if  better  known  they  would 
have  to  be  placed  in  two  genera. 

Komba  robustus  (Clark  and  Thomas) 
Progalogo  robustus  Clark  and  Thomas,  1952,  p.  9. 

Holofiipc:  Specimen  H  of  consolidated 
list. 

Hijpodigm:  Specimens  H,  I,  J,  K,  and  L. 
Specimens  M  and  N  are  doubtfully  referred 
and  not  included  in  the  hy^Dodigm.  Refer- 
ence of  parts  of  skulls  ( specimens  AB,  AC, 
and  AD )  is  still  more  dubious. 

Known  distribution:  Miocene;  Songhor 
and  R3a  and  Gumba  on  Rusinga.  Doubt- 
fully Koru  and  R2  on  Rusinga. 

Diagnosis:  Markedly  larger  than  K. 
minor.  Measurements  of  lower  teeth  as  in 
Table  3.    No  cingula  on  lower  molars. 

Discussion:  The  diagnoses  here  given  for 
K.  rohustus  and  K.  minor  are  the  same  as 
those  by  Clark  and  Thomas  so  far  as  com- 
parison of  just  these  two  species  is  con- 
cerned. Except  specimen  K,  which  adds 
nothing  of  interest,  the  specimens  in  the 
hypodigm  of  rohustus  were  adecpiately  de- 
scribed by  CLark  and  Thomas.  Doubtfully 
referred  specimens  M  and  N  were  not 
known  to  them. 

Specimen  M  has  each  dimension  of  M_.  .j 
within  the  probable  size  range  of  K.  rohus- 
tus, but  these  teeth  are  narrower  relative  to 
their  length  than  in  specimens  more  surely 
referable  to  that  species  and  the  trigonids 
.seem  also  to  be  slightly  larger  in  r(>lati\c' 
area. 


Specimen  N  is  of  special  interest  as  the 
only  lorisid  lower  |aw  from  Koru.  It  so 
nearly  resembles  the  type  of  K.  rohustus 
that  it  is  perhaps  straining  at  a  gnat  not  to 
refer  it  to  that  species,  or  even  to  include 
it  in  the  hypodigm.  Yet  the  teeth  do  have 
a  somewhat  more  slender  but  squatter 
(lower-crowned)  look,  and  the  trigonids 
of  Ml  2  are  somewhat  more  distinctly  tri- 
angular. The  two  localities  may  be  slightly 
different  in  facies,  at  least,  and  although 
the  identification  is  probable,  I  cannot  con- 
sider it  quite  certain. 

Komba  minor  (Clark  and  Thomas) 
Progalago  minor  Clark  and  Thomas,  1952,  p.  11. 

Holotijpc:  Specimen  O  of  consolidated 
list. 

Hypodigm:    Specimens  O,  P,  and  Q. 

Known  distribution:  Miocene  of  Songhor 
and  Rusinga  site  Rla. 

Diagnosis:  Smaller  than  K.  roJnisfus  and 
with  small  external  cingula  on  the  molar 
trigonids  and  between  protoconids  and 
hypoconids. 

Discussion:  The  well-preserved  molars  of 
the  type  were  correctly  described  and  fig- 
ured by  Clark  and  Thomas.  Specimen  P, 
unknown  to  them,  adds  knowledge  of  P4. 
This  is  structurally  like  the  type  of  K.  ro- 
])ustus  but  relatively  shorter  and  wider  with 
reduced  talonid.  Even  in  those  characters 
of  proportion  it  is  closeh'  similar  to  P4  of 
specimen  I,  which  is  referred  to  K.  rohustus 
with  reasonable  confidence. 

PROPOTTO'    new  genus 

Type-species:    Propoffo  leakeyi  new  species. 

K)iown  distribution:  Miocene  of  Ken\a; 
Songhor  and  probabl)   Rusinga. 

Diagnosis:  Lorisids  with  variable  lower 
cheek  tec^h  closely  resembling  those  of 
Perodicticu.s.   l^-M.-j  rounded,  ovate  in  out- 


'  Meant  to  imply  an  antecedent  but  not  neces- 
sarily ancestral  relati\e  of  the  potto.  Although  tlic 
xalid  ueniMic  name  of  the  potto  is  prolialily  Prro- 
(licliciis.  Potto  has  also  heen  used.  The  \alid 
specific  luune  of  the  potto  is  probably  Pcrodicticus 
potto  altlion^h  se\eral  other  names  are  also  in  use. 
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Table  4.     Measurements  in  millimeters  of  lower  teeth  of  Propotto  leakeyi  from  Kenya. 
Methods  and  conventions  as  in  Table  3. 


Specimen 

P. 

P4 

Ml 

M„ 

M, 

L 

w 

L 

w 

L 

W 

L 

w 

L 

W 

R 

3.3 

2.1 

3.3 

2.5 

3.9 

3.1 

3.8 

3.2 

_ 

_ 

S 

— 

— 

3.5 

2.3 

4.0 

3.5 

— 

— 

2.7 

2.1 

T 

- 

- 

- 

- 

- 

- 

3.6 

2.9 

3.3 

2.3 

line  with  low,  blunt,  poorly  defined  cusps. 
P4  not  oblique,  excavated  anterointernally 
and  with  vague  metaconid;  talonid  with 
shallow  basin,  papillated.  Mi -2  with  low, 
blunt,  almost  median  protoconid  and  smaller 
metaconid  posterointernal  to  it.  Talonids 
basined,  ^\'ith  blunt  hypoconid;  entoconid 
region  papillated  without  clear  definition 
of  cusps.  Ma  reduced,  essentially  a  flattish 
crown  with  a  central  basin  surrounded  by  a 
vaguely  cuspidate  rim. 

Discussion:  The  apparently  degenerate 
characters  of  the  highly  peculiar  cheek  teeth 
of  this  genus  are  like  those  in  the  Recent 
Perodicticus  but  may  be  even  more  extreme 
in  the  fossils.  The  details  are  so  extremely 
variable  in  both  that  it  is  conceivable  that 
almost  any  apparently  diagnostic  feature  of 
the  fossils  might  recur  in  the  living  fonns, 
but  in  fact  I  cannot  match  all  the  charac- 
ters listed  above  in  a  fair  series  of  Pero- 
dicticus jaws  and  generic  distinction  seems 
warranted.  Another  possible  distinction  is 
that  all  three  of  the  fossil  jaws  seem  to 
deepen  forward  in  a  peculiar  way  that  I 
have  not  seen  in  Perodicticus  but  that  is 
approached  in  some  specimens  of  its  Asiatic 
vicar  Nijcticebus. 

The  three  specimens  on  which  this  genus 
is  based  were  not  known  to  Clark  and 
Thomas,  and  they  have  not  heretofore  been 
mentioned  in  print. 

Propotto  leakeyi^    new  species 

Holotijpe:  Specimen  R  of  consolidated 
list. 

Hypodigm:    Specimens  R,  S,  and  T. 

^  Named  for  Dr.  L.  S.  B.  Leakey,  in  gratitude 
and  admiration. 


Known  distribution:  Miocene,  Songhor, 
and  probably  Rusinga. 

Diagnosis:  Only  known  species  of  the 
genus.  Measurements  of  lower  teeth  as  in 
Table  4. 

Discussion:  The  generic  diagnosis  calls 
attention  to  the  most  striking  features  of 
these  specimens,  and  the  accompanying 
figures  obviate  need  for  further  verbal  de- 
scription. These  peculiar  dentitions  are  un- 
like any  previously  described  in  fossils  and 
resemble  those  of  the  living  pottos  but  are 
perhaps  even  more  extreme  in  modification 
of  the  more  primitive,  more  insectivore-like 
cheek  teeth  of  other  lorisids.  Tlie  three 
specimens  vary  markedly  in  size,  propor- 
tions, and  structure  of  the  teeth  and  at  first 
sight  seem  hardly  compatible  with  refer- 
ence to  a  single  species.  However,  Pero- 
dicticus potto  is  almost  if  not  quite  as  vari- 
able in  the  same  ways,  and  valid  separation 
of  species  among  the  fossils  will  require 
larger  samples,  if  it  is  called  for  at  all. 

SKULLS  AND  UPPER  DENTITIONS 

No  associated  upper  and  lower  dentitions 
are  known.  The  one  Uganda  specimen,  the 
facial  part  of  a  skull,  is  the  only  nomencla- 
tural  type  including  upper  teeth.  As  it  can- 
not be  compared  with  the  Kenya  types,  it 
is  a  special  case. 

Tlie  Kenya  specimens  of  skulls  and  upper 
teeth  are  from  the  same  localities  or  areas 
as  the  lower  jaws,  including  the  five  no- 
menclatural  types,  and  it  is  presumable  that 
they  may  for  the  most  part  if  not  altogether 
represent  the  same  species.  As  is  almost 
always  true  of  fossil  mammals,  more  lower 
than    upper    teeth    and    jaws    are    known. 
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Lower  teeth  of  Progalago  dorae,  P.  song- 
horetuis,  Komba  rohustus,  and  K.  minor 
fall  into  four  corresponding  size  groups 
\\'ithout  overlap  among  the  known  samples. 
Propotfo  leakcyi  is  of  about  the  same  size 
as  Progalago  dorae,  but  it  is  so  distinctive 
moiphologically  that  its  upper  teeth  could 
almost  surely  be  recognized  if  found.  (Tliey 
are  not  known.)  Tlie  smallest  species 
known  from  lower  dentitions,  Komba  minor, 
should  be  recognizable  by  its  size,  or,  at 
least,  upper  teeth  too  large  to  occlude  can 
be  excluded  from  consideration.  In  fact 
none  of  the  upper  teeth  here  available 
could  belong  to  this  species. 

There  remain  three  species  of  different 
sizes  based  on  lower  jaws  and  teeth: 
Progalago  dorae,  P.  songhorcnsis,  and 
Komba  robiistu.s,  in  sequence  of  decreasing 
size.  Of  the  eight  specimens  with  upper 
teeth,  one  (AI  of  consolidated  list)  is  so 
poorly  preserved  as  not  to  warrant  any  at- 
tempt at  identification.  The  other  seven  do 
fall  into  three  groups  as  regards  size.  They 
are  here  taken  as  possibly  corresponding 
with  the  three  named  species  based  on 
lower  jaws.  These  references  are,  however, 
quite  uncertain.  The  skull  and  upper  tooth 
specimens  are  not  included  in  specific 
hypodigms  (except  Mioeuotictis  bishopi) 
or  definitely  referred  to  species.  They  are 
here  described  as  cf.  Progalago  dorae.  etc. 

MIOEUOTICUS'    Leakey 

Type-species:    Mioeuoticus  bishopi  Leakey. 

Mioeuoticus  Leakey,  in  Bishop,  1962,  p.  6. 

Knoicn  distribution:  Miocene,  Napak, 
Uganda. 

Diagnosis:  P-  (^longat{>;  two-rooted.  ?•' 
also  elongate;  three-rooted.  P'  ovoid;  two 
main  cusps;  not  molariform.  M'  -  subc|uad- 
rate;  corners  rounded;  not  emarginatc>  pos- 
teriorly; less  transverse  than  in  most  Recent 
galagines  (but  cf.  lorisines);  hypocone 
large,    almost    directb     [losterior    to    proto- 

^  Mio-euoticus  in  the  original  puhlieation.  The 
hyphen  must  he  deleted  under  the  International 
Code  of  Zooloyieal  Noniciu  lature  Article  32(e)(i). 


cone;  external  cingulum  present  but  nar- 
row. M-'  ovoid;  relatively  large;  tricuspid. 
Depth  of  anterior  zygomatic  root  about  as 
in  Galago  (less  than  in  Pcrodicticus,  more 
than  in  Euoticus). 

Diseussion:  In  his  original  generic  diag- 
nosis Leakey  noted  resemblances  to  the 
form  here  called  cf.  Progalago  dorae  but 
said  that  the  "upper  molars  differ  mark- 
edly ...  in  lacking  the  very  well-defined 
cinguliun."  The  molars  are  worn  and  not 
perfecth'  preserved,  which  has  somewhat 
obscured  the  cingulum,  but  study  under 
high  magnification  shows  that  M^"'"  do  have 
external  and  partial  posterior  cingula.  Tliese 
are  weaker  than  in  cf.  Progalago  dorae  but 
stronger  than  in  cf.  Progalago  songhorensis. 
In  further  description  of  the  t\'pe,  Leakey 
stated  that  the  palate  is  much  shallower 
than  in  what  I  call  cf.  Progalago  dorae,  that 
"the  arrangement  of  the  teeth  in  the  palate" 
(not  otherwise  specified  or  described)  is 
like  Euoticus  and  not  Galago  or  cf.  Pro- 
galago dorae,  and  that  the  root  of  the  ca- 
nine was  set  differently  (the  difference  not 
specified)  from  cf.  P.  dorae,  Galago,  or 
Euoticus  and  more  as  in  Pcrodicticus.  The 
palate  of  the  Napak  specimen  is  crushed 
and  I  do  not  believe  that  anything  really 
distinctive  about  its  degree  of  shallowness 
can  be  surely  established.  These  characters 
must  be  quite  variable  and  nondistinctive 
in  Recent  galagines,  for  the  specimens  seen 
by  me  do  not  clearly  agree  with  Leakey's 
statements  about  those  used  by  him  for 
comparisons.  The  point  about  arrangement 
of  the  teeth  in  the  palate  m;i\'  refer  to  an 
apparentl)-  greatc>r  canting  inward  of  tlu^ 
molars  in  Euoticus  than  Galago  or  cf.  Pro- 
galago dorae,  but  in  this  respect  Mio- 
cuoticus  seems  to  mc  more  like  the  latter 
two  fonns  than  like  Euoticus.  This,  too,  is 
affected  b\'  crushing  and  not  reliable.  1  do 
not  see  any  clear  and  constant  diff(M-ence 
in  the  wax-  the  canines  are  set  in  the  groups 
mentioned. 

In  short.  I  do  not  see  any  likely  generic 
distinctions  between  the  type  of  Mioeuoticus 
bishopi  and  specimens  tentativelv  referred 
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Table  .5.     Measurements  in  millimeters  of  upper   teeth  of   Miocene   Lorisidae   from   Kenya 
Methods  and  conventions  as  in  Tables  3-4. 


p4 

M' 

M- 

M^ 

M2 

L 

w 

L 

w 

L 

w 

L 

W 

L/W 

cf.  ProgaUigo  dome 

AA 

3.0 

3.4 

3.9 

4.6 

4.1 

5.5 

3.8 

4.8 

1.34 

cf.   Komha  robuatus 

AB 

2.3 

2.7 

2.9 

3.7 

2.8 

3.8 

— 

— 

1.36 

AC 

- 

- 

- 

- 

2.9 

4.2 

2.6 

3.9 

1.45 

cf.  Progahgo  songhorcnsis 

AE 

— 

— 

3.5 

4.1 

3.4 

4.2 

2.8 

4.0 

1.24 

AG 

— 

— 

_ 

— 

3.7 

4.6 

— 

— 

1.24 

AH 

3.0 

3.1 

ca.  3I/2 

— 

3.5 

— 

— 

_ 

Mioeuoticus  hishopi 

AJ 

2.2 

3.1 

3.5 

p2 

4.0 

3.2 

p.-! 

4.1 

2.9 

3.8 

1.28 

L 

W 

L 

w 

cf.  P.  dome 

AF 

3.3 

1.6 

2.8 

1.8 

to  Progalago,  and  I  do  not  find  it  possible 
to  frame  a  sound,  differential  generic  diag- 
nosis of  Mioeuoticus.  If  the  genus  had  not 
ah-eady  been  proposed,  I  would  not  pro- 
pose it  now.  However,  the  reference  of 
comparable  specimens  to  Progalago  is  un- 
certain, M.  bisJiopi  is  probably  a  valid  spe- 
cies ( if  not  genus ) ,  and  it  is  not  possible  to 
establish  a  present  probability  that  Mio- 
euoticus is  not  valid.  I  therefore  do  not  for- 
mally reduce  it  to  synonymy,  pending  hoped 
discovery  of  materials  that  might  settle  the 
question. 

I  am  also  unable  to  confirm  that  there  is 
any  special  relationship  between  Mio- 
euoticus and  Euoticus,  especially  as  this  is 
related  to  a  similar  supposed  special  rela- 
tionship of  cf.  Progalago  dorae  to  Galago. 
Mioeuoticus  and  Progalago  are  so  closely 
similar  and  doubtfully  separate  that  differ- 
ent relationships  to  Recent  genera  (al- 
though hypothetically  possible)  are  not  in- 
dicated by  the  specimens  in  hand.  As 
Leakey  did  also  indicate,  Mioeuoticus  ( and 
I  would  add  also  Progalago)  has  quite 
eclectic  resemblances  to  different  Recent 
genera.  P^  is  quite  similar  to  that  of  Pero- 
dicticus,  as  Leakey  noted,  and  also  to  Arcto- 
cebus.   The  proportions  and  outlines  of  the 


molars  are  also  rather  close  to  Arctocebus. 
The  palate,  orbital  floor,  and  zygomatic 
root,  however,  are  definitely  closer  to 
Galago,  and  so  are  the  hypocones  of  M^"-. 
The  dental  structure  is  on  the  whole  less 
like  Euoticus  than  like  Galago  or  Arcto- 
cebus. P-,  not  well  preserved,  is  probably 
nearest  to  Galago. 

Mioeuoticus  bishopi   Leakey 

M.  bUhopi  Leakey,  in  Bishop,  1962,  p.  7. 

Holotype:  Specimen  AJ  of  consolidated 
Hst. 

Hypodigm:    Type  only. 

Known  distribution:  Miocene,  Napak, 
Uganda. 

Diagnosis:  Upper  cheek  teeth  similar  to 
cf.  Progalago  dorae  but  smaller,  molars  less 
transverse,  cingula  narrower.  Size  and  pro- 
portions near  cf.  Progalago  songhorcnsis, 
but  comers  somewhat  more  rounded  and 
less  suggestion  of  emargination  on  posterior 
border.    Measurements  as  in  Table  5. 

Discussion:  It  is  possible  that  this  is  the 
same  species  as  cf.  Progalago  songhorcnsis, 
but  that  is  not  probable  and  the  specimens 
are  inadequate  for  a  positive  conclusion. 
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Cf.   Progalago  dorae 

Specimens  AA  and  AF  of  the  consoli- 
dated list  are  appropriate  in  size  and  struc- 
ture to  occlude  with  lower  dentitions  of  P. 
dorae  and  AA  does  in  fact  occlude  well  on 
actual  trial,  even  though  the  specimens  are 
certainly  from  different  individuals.  This 
generic  and  specific  reference  is  thus  rea- 
sonably probable  although  it  cannot  be  cer- 
tain. 

AA,  a  nearly  complete  skull  and  much 
the  best  known  fossil  lorisoid,  was  described 
at  length  and  well  figured  by  Le  Gros  Clark 
( 1956 ) .  Repetition  of  the  description  is  un- 
necessary, but  some  supplementary  remarks 
may  be  made. 

The  facial  part  of  the  skull  is  relatively 
larger,  both  in  breadth  and  in  depth,  than 
in  Recent  lorisids  of  comparable  over-all 
size.  Tliis  is  reflected  not  only  in  the  very 
large,  especially  w  ide,  palate  but  also  in  the 
broad  interorbital  region  and  the  deep  or- 
bits. The  orbital  floor  is  low,  broad,  and 
comparatively  flat,  more  or  less  as  in 
Euoficus  and  small  species  of  Galag,o  and 
less  like  Perodicticus.  The  anterior  root  of 
the  zygoma  is  correspondingly  low  and 
slender.  In  keeping  with  the  depth  of  the 
skull,  the  anterior  orbital  rim,  between  the 
orbit  proper  and  a  shallow  preorbital  fossa 
on  the  face,  is  relatively  long  and  more 
nearly  vertical  than  in  Recent  lorisids. 

In  this  family  ( and  indeed  in  most  mam- 
mals) a  luichal  crest  is  largely  a  function  of 
size  and  age,  slight  or  absent  in  small  spe- 
cies and  young  individuals,  develoiK-d  in 
old  in(li\iduals  of  larg(>  species,  including 
iiol  ()iil\  Clala^o  crassicaudaius  as  noted  by 
Le  (iros  Clark  but  also  Pcrodicticus  potto 
and  Nycticchi(.s  coucan<i.  This  crest  is,  how- 
ever, slightly  stronger  in  the  fossil  than  in 
any  Recent  specimen  seen  by  me.  Except 
for  that  slight  diflerencc  and  for  the  gener- 
ally less  swollen  or  globular  braincase,  the 
cranium  ol  llic  fossil  closel\-  resembles  that 
of  Pcrodicticus  in  almost  all  respects. 

A  po.storbital  bar  was  almost  certainly 
present  and  its  upper  root  may  liaxc  been 


about  as  in  Galag,o,  Euoticus,  or  Arctoccbus, 
probably  not  as  stout  or  as  vertical  as  in 
the  other  three  lorisines.  There  are  two 
temporal  ridges  and  they  are  most  nearly 
like  those  of  Pcrodicticus,  although  speci- 
mens of  the  small  species  of  Golo^o  (not 
Euoticus,  which  has  a  single  ridge)  are  also 
similar. 

The  tympanic  bulla  is  complete  but  is 
relatively  smaller  and  less  inflated  than  in 
any  Recent  lorisid,  most  nearly  resembling 
Nycficcbus  as  Le  Gros  Clark  noted,  but  the 
difference  from  Pcrodicticus  is  slight.  The 
auditory  opening  is  circular  and  very  large; 
there  is  no  tendency  to  form  a  bony  meatus. 
The  mastoid  inflation  is  relatively  slight, 
but  is  not  very  different  from  Pcrodicticus. 

Characteristic  features  of  the  dentition, 
noted  by  Le  Gros  Clark  or  evident  in  his 
figures,  include:  simple,  nonmolariform  P*; 
subquadrate  M^  -  with  large  hypocones  pos- 
terior to  protocones,  relatively  little  trans- 
verse, \\'ith  strong  cingula,  no  posterior 
emargination;  large,  tricuspid  M'\  The 
alveoli  or  roots  indicate  that  the  root  of  the 
lateral  incisor  was  slightly  larger  than  that 
of  the  medial  incisor,  that  P-  was  two- 
rooted  and  elongated,  that  P'^  was  three- 
rooted  and  also  elongated,  and  that  there 
are  short  diastemata  bet\\'een  the  roots  of 
C  and  P-  and  P-  and  P-' — features  unlike 
any  Recent  lorisid. 

Specimen  AF,  described  and  figured  by 
Le  Gros  (>lark  and  Thomas  ( 1952,  pp.  7-8, 
pi.  3,  fig.  9)  probably  belongs  to  the  same 
species  as  AA  (which  was  described  later), 
and  it  confirms  the  precluding  characters  of 
the  antemolar  dentition  except  that  it  has 
no  diastema  bet\\'een  P-  and  P'\  lliose  two 
tec>th  are  closely  similar  to  Ccdatio  cra.ssi- 
caudatus  and  markcxlK"  unlike  the  shorter, 
more  transverse  teeth  of  all  ReccMit  lorisines. 

Cf.   Progalago   songhorensis 

Specimens  AE,  AG,  and  AH  of  the  con- 
solidated list  arc  included  here.  Tlu>\  w('r(> 
unknown  to  Le  Gros  Clark  and  Tliomas. 
riicx-  are  lairl\    similar  in  morpholog\-  and 
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of  about  the  same  size,  which  is  approxi- 
mately that  of  Pro'^aJdiio  songhorensis.  It 
is,  however,  uncertain  that  they  belong  to 
a  single  species  or  that  the  species  is  P. 
songJwretms.  AE,  the  best  of  the  three 
specimens,  is  one  of  the  two  specimens  of 
lorisids  from  Koru.  It  is,  however,  improb- 
able that  the  species  is  the  same  as  the 
other  specimen  (N)  from  Koru,  a  partial 
lower  jaw  with  teeth  too  small  to  occlude 
with  AE  and  probably  outside  the  specific 
range. 

Tlie  M^  •'^  of  specimen  AE  differ  from 
those  of  cf.  Progahgo  dorac  (specimen  AA) 
not  only  in  being  smaller  (Table  5)  but 
also  in  being  more  transverse,  less  quad- 
rate but  with  more  sharply  angular  antero- 
and  posteroexternal  comers,  anterior  mar- 
gin straighter  and  posterior  margin  slightly 
concave,  hypocone  of  M-,  at  least,  less 
prominent,  and  cingula  virtually  absent. 
These  differences  are  as  great  as  between 
distinct  genera  of  Recent  lorisids,  and  AA 
and  AE  should  perhaps  be  separated  ge- 
nerically.  It  is  doubtful,  however,  whether 
or  not  they  represent  previously  named  spe- 
cies, and  proposal  of  another  genus  pri- 
marily on  upper  teeth  seems  undesirable  for 
the  present. 

Comparable  parts  of  molars  of  AG  and 
AH  differ  somewhat  from  AE  in  size  but 
have  the  distinctive  characters  noted  above. 
AH  includes  P^,  which  is  very  simple,  bi- 
cuspid, with  no  clear  indication  of  meta- 
cone  or  hypocone.  It  seems  to  be  almost 
identical  with  P^,  less  well  preserved,  in 
AA.  Among  Recent  lorisids,  it  is  near  Pero- 
dicticus  but  is  less  rounded,  with  a  more 
distinct  parastylar  projection,  still  more  like 
Nycticehtis.  It  is  decidedly  unlike  any 
Recent  galagine  P^. 

Cf.  /Combo   robustus 

Specimens  AB,  AC,  and  AD  of  the  con- 
solidated list  are  placed  here.  Again  it  is 
uncertain  whether  these  are  really  con- 
specific  or  whether  the  species  is  K.  ro- 
bustus, but  they  are  not  clearly  separable 
specifically,  they  are  from  animals  of  about 


the  same  size,  and  the  size  is  near  that  of 
K.  robustus.  Le  Gros  Clark  and  Thomas 
(1952)  ascribed  AC  (M--^)  to  Progakigo 
dorac  and  AD  (cranium  without  teeth)  to 
Progahgo  sp.  at  a  time  when  all  the  Mio- 
cene lorisids  were  assigned  to  Progalago 
and  there  were  no  other  upper  teeth  to 
compare  with  AC.  Le  Gros  Clark  later 
(1956)  noted  that  AD  is  at  least  specifically 
and  probably  generically  distinct  from  AA, 
referred  by  him  to  Progalago  sp.  and  by  me 
to  cf.  Progalago  dorae.  He  also  noted  that 
M-  -^  of  AC  are  very  different  from  AA.  I 
agree,  and  to  some  extent  that  reinforces 
reference  of  these  specimens  to  a  genus 
judged  distinct  from  Progalago  on  the  basis 
of  lower  jaws  and  dentitions. 

Specimen  AB,  with  P^-M-,  was  not  known 
to  Le  Gros  Clark  and  Thomas.  P*  is  basi- 
cally bicuspid  and,  except  for  size  and  pro- 
portions, much  like  those  referred  to  cf. 
Progalago  dorae  and  cf.  P.  songhorensis. 
M^  -  are  quite  distinctive  in  outline,  with 
strongly  projecting  metastylar  lobes,  strongly 
emarginate  posterior  border,  and  large 
hypocone  decidedly  posterolingual  to  the 
protocone.  These  characteristics  are  not 
exactly  matched  but  are  closely  approached 
by  Galago  alleni  (not  other  species  of 
Galago)  and  Loris  tardigradus  among  Re- 
cent lorisids.  M-  of  specimen  AC  is  almost 
like  that  of  AB.  M'*^  is  similar  to  M-  but,  as 
usual,  with  reduced  metacone-metastyle 
and  no  hypocone.    M''  is  relatively  large. 

AD,  cranium  with  endocast  partly  ex- 
posed, was  thoroughly  described  by  Le 
Gros  Clark  and  Thomas  (1956,  pp.  14-19, 
fig.  2,1  pi.  1,  and  pi.  2,  fig.  3).  The  indi- 
vidual represented  is  decidedly  smaller  than 
the  skull  cf.  Progalago  dorae  (specimen 
AA),  discovered  later.  Tlie  size  difference 
is  approximately  that  between  lower  jaws 

^  A  drawing  of  the  endocast.  The  cerebellar 
region  is  not  exposed  as  the  specimen  is  now  pre- 
served, and  presumably  the  overlying  bone  was 
here  removed  to  make  the  drawing  and  then  re- 
phiced.  Most  of  the  bone  removed  from  the  skull 
roof  for  that  purpose,  as  seen  by  a  comparison  of 
pi.  1  with  fig.  2,  of  the  text,  was  not  replaced  and 
is  not  now  preserved  with  the  specimen. 
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and  dentitions  of  Pro'^ala^o  dorae  and 
Komha  rohustus.  The  bullae  of  AD  are  rela- 
tively much  larger  and  more  inflated  than 
those  of  AA  and  approach  each  other  much 
more  nearly  on  the  basicranium.  As  Le 
Gros  Clark  and  Thomas  noted,  they  are 
about  as  large  and  inflated  as  in  small  spe- 
cies of  Galago,  and  more  so  than  in  Pcro- 
dicticus  or  Nijcticehtis.  The  porus  is  rela- 
tively smaller  than  in  AA,  probably  less 
smoothly  circular,  and  more  as  in  Recent 
lorisids.  As  in  AA,  no  long  meatus  is 
present. 

RELATIONSHIPS 

Although  not  large,  the  available  collec- 
tions include  at  least  three  genera  and  five 
species  of  lorisids  of  approximately  the 
same  age  and  from  the  same  general  region. 
It  is  by  no  means  certain  that  all  occurred 
together  either  at  the  same  place  or  at  the 
same  time,  but  that  would  not  be  an  eco- 
logical improbability.  In  Africa  today  there 
are  at  least  four  genera  and  seven  species 
of  lorisids  with  extensively  overlapping 
ranges.  Morphologically  and,  presumably, 
ecologically  the  fossils  are  almost  as  varied 
as  the  Recent  forms.  The  four  species  now 
referred  to  Progohij^o  and  Komha  are  a 
rather  compact  group,  probably  somewhat 
less  imiform  than  Recent  Galaginae  but  not 
so  diverse  as  Recent  Lorisinae.  Pwpotto 
is  more  aberrant  in  dentition,  at  least,  and 
the  difference  from  Komha  is  at  least  as 
great  as  between  any  two  living  lorisids. 

The  peculiarly  specialized  dentition  of 
Propotto  is  definitely  and  uiiicjucly  similar 
to  that  of  Recent  Pcrodiclicus.  Parallelism 
cannot  be  excluded,  but  the  most  reason- 
able conclusion  is  that  the  two  genera  are 
closely  and,  among  known  forms,  exclu- 
sively related.  Propotto  seems,  if  an\  thing, 
to  be  rather  more  specialized  than  Pcro- 
dicticus,  but  even  direct  ancestry  of  the 
genus  Propotto,  il  not  of  the  species  P. 
h'akci/i,  to  Perodicticiis  is  possible. 

Tlie  foregoing  comparisons  show  that 
none  ol  the  other  Miocene  forms  has  clear 
and  special  resemblances  lo  any  one  Recent 


genus,  let  alone  species.  Even  among  the 
few  known  parts,  the  resemblances  are 
eclectic,  each  fossil  resembling  more  than 
one  different  Recent  species  in  different 
characters.  The  names  Proi^aJaiio  and  A//o- 
c'uoticus  are  misleading  to  the  extent  that 
they  imply  special  resemblance  or  relation- 
ship. The  fossils  also  have  characters  not 
precisely  matched  in  any  Recent  species, 
but  these  are  surprisingly  minor  and  in  no 
case  striking.  ( If  Perodicticiis  did  not  hap- 
pen to  survive,  the  peculiarities  of  Propotto 
would  be  very  striking. ) 

If,  as  Propotto  strongly  suggests,  a  lin- 
eage generically  allied  to  Perodicticiis 
within  the  Lorisinae  already  existed  in  the 
Miocene,  it  would  seem  to  follow  that  the 
Lorisinae  and  Galaginae  were  then  dif- 
ferentiated. The  difficulty  of  distinguish- 
ing those  subfamilies  by  anatomical  parts 
preserved  in  the  fossils  was  mentioned  in 
the  preceding  remarks  on  Recent  lorisids. 
In  the  character  most  nearly  diagnostic^  of 
the  subfamilies  in  those  Recent  forms,  the 
structure  of  P^,  all  the  fossils  are  more  like 

the  Lorisinae.  That  might  merely  indicate 
that  primitive,  nonmolariform  P^    had    not 

yet  been  lost  in  Miocene  Galaginae.  In 
other  respects,  all  the  fossils  (except  Pro- 
potto) have  a  mixture  of  resemblances  to 
both  Recent  galagines  and  lorisines.  It  ma\ 
be  somewhat  improbable,  but  not  impos- 
sible, that  only  lorisines  would  occur  in  the 
Miocene  collections  when  galagines  prob- 
ably originated  in  Africa  and  are  more  di- 
verse and  abundant  than  lorisines  there 
now.  I  am  quite  uncertain  as  to  whethi>r 
Pro!j,alaii.o,  Komha,  and  the  dubious  genus 
Miociioticus  are  galagines,  lorisines,  or 
neither,  and  I  must  now  elassif\-  (hem 
simjily  as  Lorisida(\  sciisu  lato.  Propotto  is 
doubtless  a  lorisin(>  if  the  distinction  is  vaHd 
for  the  Miocene. 

All  the  ])asic  specializations  of  Recent 
Lorisidae  are  present  in  tlie  known  parts  of 
the  Miocene  fossils.  I  do  not  detect  an\ 
character  in  the  fossils  that  is  unquestionably 

'  I'Atcpt   for  tlic  pes,  uiikmnvn   in  tlic  fossils. 
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more  primitive  than  in  any  Recent  lorisid. 
Some  Recent  species  are  more  specialized 
than  the  fossils  in  one  way  or  another.  For 
example,  the  mastoid  inflation  is  greater  in 
Recent  galagines  than  in  either  of  the  two 
Miocene  specimens  revealing  that  charac- 
ter, bnt  one  of  those  specimens  is  more 
inflated  than  some  Recent  lorisines  and  the 
other  is  not  much,  if  any,  less  inflated.  The 
dental  specialization  of  Propotto  is  at  least 
as  great  as  in  any  Recent  lorisid.  The 
molarization  of  P^  is  less  in  the  fossils  than 
in  Recent  Galaginae,  but  as  great  as  in  Re- 
cent Lorisinae.  Over-all,  the  fossils  provide 
no  evidence  of  progressive  change  since  the 
Miocene,  which  perhaps  is  not  surprising  in 
what  has  long  been  considered  a  primitive 
group  as  living  primates  go. 

Nevertheless,  the  lorisids  are  not  gen- 
eralized mammals  or  generalized  primates. 
They  have  distinct  specializations,  notably 
in  dental  formula  and  differentiation  of 
antemolar  teeth.  The  ectotympanic,  annu- 
lar but  fixed  in  the  lateral  wall  of  the  bulla, 
is  unique  among  Recent  primates.  These 
specializations  were  present  in  the  Miocene, 
and  their  rise  should  permit  recognition  of 
earlier  relatives  if  specimens  are  found. 
Simons  (1962)  has  pointed  out  that  Pro- 
nycticehus  and  Anchomomijs  resemble  lori- 
soids  in  several  respects.  Those  are  Eocene 
or  (for  Promjcticehus)  early  Oligocene 
European  genera  currently  referred  to  the 
nominally  lemuroid  family  Adapidae,  scnsii 
lata.  The  antemolar  dentitions  are  poorly 
known  and  do  not  clearly  have  lorisoid 
specializations.  Resemblances  in  P^-Mi^,  are 
of  a  rather  general  nature,  mostly  in  merely 
primitive  characters  and  hardly  more  than, 
for  example,  in  Pscudoloris,  which  despite 
its  name  is  a  tarsioid  with  no  special  rela- 
tionships to  lorisoids.  Resemblances  in  skull 
proportions  are  also  of  a  rather  general  and 
primitive  or  adaptive  nature.  Most  sugges- 
tive is  Simons'  observation  that  the  ecto- 
tympanic of  Promjcticehus,  although  not 
definitely  lorisoid,  is  in  a  condition  that 
could  be  pre-lorisoid.  A  relationship  is  pos- 
sible, but  we  are  not  justified  in  drawing  a 


conclusion  stronger  than  Simons'  that,  "Ji^ist 
possibly,  these  [loris-like  features  of  Pro- 
nycticebtis]  can  be  interpreted  as  indicating 
the  differentiation  of  the  lorisiform  pro- 
simians  from  the  general  stock  of  the  Adap- 
idae (s.  /. )."  The  Miocene  lorisids  do  not 
really  help  to  close  the  gap  because  in  the 
known  parts  they  are  little  if  any  more 
primitive  than  some,  at  least,  of  the  Recent 
species. 
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Explanation  of  Plate  1 

Figure   1.      Progalago    dorae.     Type    (specimen    A   of   consolidated    list),    left    mandibular    ramus    witfi    Pi    and    M^.      la,    crown 
view,     lb,    lingual  view.     Measurements  in  text. 

Figure  2.      Progalago    songhorens/s.     Type    (specimen    E   of   consolidated    list),    left    mandibular    ramus    with    Mj  .;.      2a,    crown 
view.     2b,   lingual   view.     Measurements   in   text. 

Figure  3.      Komha  robuslus.    Type  (specimen  H  of  consolidated    list),    riglit    mandibular    ramus    with    P::-Mj.      3a,    crown    view. 
3b,  lingual  view.     Measurements  in  text. 

Figure  4.      Komba   cf.    robustus.     Specimen    N   of  consolidated    list,  right  mandibular  ramus  with  Pi-Mj.     Measurements  in  text. 

Figure  5.      ?Komba  minor.     Type   (specimen   O  of  consolidated    list),    right    mandibular    ramus    with    Mi  :..      5a,    crown    view. 
5b,   lingual   view.     Measurements   in   text. 

Figure  6.      Propotio  leakeyi.    Type  (specimen   R  of  consolidated    list),    right    mandibular    ramus    with    P-.-Mj.     6a,    crown    view. 
6b,   lingual   view.     Measurements  in   text. 

Figure   7.     Propotfo    leakeyi.     Specimen   S   of   consolidated    list,    left    mandibular    ramus    with    P;i-Mi    and    M:i.     Crown    view. 
Measurements  in  text. 

Figure  8.     Propolto  leakeyi.     Specimen   T  of   consolidated   list,    right   mandibular   ramus   with    Mj  :i.     Crown    view.     Measure 
ments  in  text. 
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Explanation  of  Plate  2 
Figure  9.      Cf.  Progalago  doroe.     Specimen  AA  of  consolidated   list,    right  P  -M".     Crown  view.     Measurements   in   text. 
Figure    10.      Cf.    Progalago   songhorensis.     Specimen   AE   of    consolidated    list,    left    M    ".     Crown   view.     Measurements    in    text. 
Figure   11.      Cf.  Kombo  robustus.     Specimen  AB  of  consolidated    list,    left   P'-M".     Crown   view.     Measurements   in   text. 
Figure   12.      Mioeuoficus   b/shopi.     Type    (specimen   AJ   of  consolidated    list),    left    P'-M".     Crown    view.     Measurements    in    text. 
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THE  AMEGHINOS'  LOCALITIES  FOR  EARLY  CENOZOIC 
MAMAAALS  IN  PATAGONIA 


GEORGE  GAYLORD  SIMPSON 


INTRODUCTION 

Early  Cenozoic  South  American  mam- 
mals, earlier  than  what  was  then  called 
the  PywtJicrium  (now  Deseadan)  fauna, 
were  discovered  in  Patagonia  by  Carlos 
Ameghino  on  his  expedition  of  1S95-1896. 
They  were  first  published  by  Carlos'  elder, 
more  articulate  brother  Florentino  in  1(S97 
(see  Ameghino,  1897).  It  was  not  then 
recognized  that  the  collections  in  hand  in- 
cluded older  forms,  and  at  that  time  all 
were  considered  as  from  the  "couches  a 
P  y  r  other  him  r  On  his  expedition  of  1898- 
1899,  Carlos  observed  that  there  was  in- 
cluded an  older  fauna,  for  which  he  sug- 
gested the  name  Notosiylops  fauna,  and  at 
the  beginning  of  his  following  summer's 
work,  1899-1900,  he  noted  that  in  fact  there 
were  two  pre-PyrotJicriiim  faunas.  These 
observations  were  made  to  Florentino  in  let- 
ters from  Carlos,  15  February  1899  and  9 
October  1899,  published  much  later  in  vol- 
ume 21  of  the  "Obras  completas  "  (Ameghino, 
1913-1936).  Florentino  applied  the  name 
Astraponotus  to  the  third  fauna  to  be  recog- 
nized, intermediate  between  the  Notostylops 
and  Pyrothcriitm  faunas.  The  NotostyJo})s 
fauna  is  now  referred  to  the  Casamayoran 
and  the  Astraponotus  fauna  to  the  Muster- 
san. 

Carlos  continued  to  collect  from  those 
early  faunas  into  1903,  and  he  also  was  able 
to  correct  the  allocation  of  specimens  at 
first  incorrectly  ascribed  to  the  Pyrotherium 


fauna.  Florentino  continued  to  publish  brief 
descriptions  of  the  specimens  and  to  name 
a  great  number  of  new  genera  and  species 
in  the  pre-Pyrotherhmi  (pre-Deseadan) 
faunas  through  1904.  In  1906  he  summa- 
rized them,  with  full  generic  faunal  lists, 
in  his  great  work  on  the  mammal-bearing 
sedimentary  formations  of  Patagonia 
( Ameghino,  1906 ) .  Some,  but  not  all,  of  his 
published  diagnoses  were  accompanied  by 
a  statement  as  to  locality,  but  so  generalized 
that  the  actual  sites  could  hardly  be  relo- 
cated from  these  data  alone.  Almost  all  the 
specimens  of  the  Ameghino  Collection,  now 
in  the  Museo  Argentino  de  Ciencias  Natu- 
rales  "Bernardino  Rivadavia, '  Buenos  Aires, 
have  taxonomic  labels  in  Florentino's  hand 
on  small  slips  of  paper  and  some,  but  far 
from  all  of  these,  have  locality  data  in  the 
same  vague  terms  as  those  used  in  publica- 
tion. The  1906  volume  has  sketch  maps  by 
Carlos  showing  exposures  and  assumed 
connections  of  the  "notostylopeen"  (Casa- 
mayoran stage )  and  "astraponoteen"  ( Mus- 
tersan  stage),  but  these  are  crude  and  like- 
wise rather  vague.  ( That  is  not  an  adverse 
criticism;  there  were  no  adequate  maps  of 
interior  Patagonia  in  1903  and  earlier,  and 
Carlos  necessarily  worked  under  extremely 
primitive  and  difficult  conditions.)  Copies 
of  those  maps  are  given  in  Figures  1  and  2 
of  the  present  paper. 

It  is  essential  for  the  interpretation  of 
these  faunas  and  for  further  discovery  and 
studv  to  locate  Carlos  Ameghino's  localities 
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as  well  as  possible.  Partly  to  that  end,  I 
followed  in  his  footsteps  in  Patagonia  in 
1930-1931  and  19^3-1934  ( principal  locali- 
ties in  Fig.  3  of  this  paper),  and  I  studied 
the  Ameghino  Collection  and  compared  it 
with  later  collections  of  more  precisely 
known  provenience.  Periodically  since  1934 
I  have  worked  on  the  systematic  augmenta- 
tion and  revision  of  the  pre-Deseadan 
faunas.  Part  one  was  published  long  since 
(Simpson,  1948),  and  part  two,  completing 
the  systematics,  has  now  been  finished  and 
is  in  the  editor's  hands.  Available  locality 
data  for  many  of  the  Ameghinos'  specimens 
are  there  given  in  their  terms.  Further  dis- 
cussion of  those  localities,  attempts  to  place 
them  more  precisely,  and  lists  of  type  speci- 
mens h(jm  them  are  the  subjects  of  the 
present  paper. 

The  most  important  data  for  this  study 
were  derived  from  lengthy  discussions  with 
Carlos  Ameghino  in  1931.  It  was  then  28 
years  since  he  had  been  in  Patagonia,  and 
these  discussions  occurred  during  a  remis- 
sion in  a  long,  eventually  fatal  illness.  His 
memory  at  that  time  cannot  be  considered 
infallible,  ])ut  it  was  exceptionally  clear. 
He  had  l)een  accustomed  to  keep  field 
notes  in  his  head  rather  than  on  paper,  and 
while  this  is  extremely  unfortunate  from 
one  point  of  view,  it  did  have  the  ad\  antage 
of  making  his  unaided  memory  more  re- 
liable. Of  course  since  lie  had  been  explor- 
ing ill  iiiostl)  unmapped  territory,  he  could 
not  have  precise  memory  of  locations  not 
precisely  dctcnnincd  at  (lie  lime.  Most  of 
his  statements  agree  with  all  other  avail- 
able iniormation.  but  in  just  one  instance 
(specified  below;  his  memor\  was  demon- 
strably at  fault.  I  took  written  notes  of  these 
discussions,  so  the  present  report  does  not 
add  failures  ot  my  memory  to  the  record. 

CASAMAYORAN   LOCALITIES 

C'-uUiuc-lliiapi.  l'\\a[  is  the  official  spell- 
ing of  the  name-  oi  the  larger,  more  eastern 
of  the  two  major  central  Patagonian  lakes. 
The  name  was  used  in  this  form  b\  Floren- 


tino  in  publication.  It  does  not,  however, 
represent  the  local  pronunciation,  and  the 
Ameghinos'  specimen  labels  use  variants 
that  do  represent  local  usage:  Colhuapi, 
Coluapi,  Colihuapi.  This  designates  the 
great  iHinanca  (in  Patagonia  a  cliff  or  scarp, 
not,  as  in  some  Spanish  dialects,  a  ravine) 
south  of  the  lake.  It  is  not  so  distant  from 
the  lake  or  so  extended  north  and  south  as 
suggested  by  Carlos'  sketch  map.  In  1894- 
1895  Carlos  had  worked  along  a  coastal 
area  far  to  the  southeast,  including  Punta 
Casamayor,  now  type  locality  for  the  Casa- 
mayor  Formation  and  Casamayoran  stage. 
However,  at  that  time  he  did  not  find  pre- 
Deseadan  mammals  there.  He  positixely 
affirmed  to  me,  and  collection  data  and  all 
other  evidence  are  in  accordance,  that  pre- 
Deseadan  mammals  were  first  found  in 
1895-1896  in  this  barranca.  All  the  pre- 
Deseadan  forms  described  in  1897  were 
from  there.  Both  the  "Noto.stylops-  favma" 
and  the  "A.straponotii.S'  fauna,"  our  Casa- 
mayoran and  Mustersan  faimas,  were  first 
found  and  (although  later)  recognized  there, 
and  a  majority  of  all  Ameghino  specimens 
of  both  ages  are  from  there.  In  fact  the  bar- 
ranca has  richly  fossiliferous  exposures  of 
four  stages  in  continuous  secjuence:  Casa- 
mayoran, Mustersan,  Deseadan,  and  Col- 
huehuapian,  from  bottom  to  top.  It  is  the 
most  imposing  and  important  single  known 
fossil  mammal  locality  in  South  America, 
and  one  of  the  most  important  in  the  world. 
It  must  also  be  considered  the  greatest 
single  discovery  of  Carlos  Ameghino's  extra- 
ordinary career.  Among  Ameghino's  pre- 
Deseadan  t\  pe  specimens,  93  are  labeled  as 
from  here,  and  according  to  Carlos  most  of 
the  t\'pes  not  labeled  as  to  localitx  are  also 
from  here. 

A  lew  s])eeimens  are  iiuficated  as  from 
"Colhue-Huapi  Sud."'  That  is  the  same 
loealitv. 

Ocsic  (Ir  Rio  CJiico.  The  Rio  Chieo  is  an 
intermittent  stream  earr\ing  o\-erflow  from 
Lake  Colluie-Hiiapi  northeast  to  the  i^io 
Chubut.  This  designation  b\  Carlos  .\ine- 
ghino   refers    to   a    long   seciiienee    of    expo- 
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Fig.    1.     Sketch   map  of  central    Patagonia  with   exposures  and   probable  connections  of  the  Notosty/ops  beds  (Cosamayor  For- 
mation),   by    Carlos    Ameghino.      (From    F.    Ameghino,    1906,  fig.    22.) 


sures  along  the  left,  northwe.st  bank  of  the 
Rio  Chico  and  on  it.s  small  intermittent 
tributaries  from  the  Pampa  Pelada,  along 
the  upper  third  or  half  of  the  Rio  Chieo 
valley  between  Lake  Colhue-Huapi  and  the 
locality  known  to  Carlos  as  Paso  Niemann, 
called  Puente  Viejo  or  Puente  Nollmann  in 
the  1930's,  and  probably  now  called  by  still 
another  name.  (As  in  many  sparsely  in- 
habited areas,  such  as  much  of  southwest- 
ern United  States,  map  names  in  Patagonia 
are  often  unknown  to  the  local  inhabitants, 
and  names  used  by  them  tend  to  change 
with  each  generation  or  oftener. ) 

Known  fossil  mammals  from  this  region 
are  all  Casamayoran.  Seventy-three  Ame- 
ghino types  are  labeled  as  from  this  rather 
extensive  area,  and  none  can  now  be  lo- 


cated more  precisely.  The  rich  pocket  desig- 
nated Cahadon  Vaca  in  our  field  data,  foimd 
by  us  in  December,  1930,  is  in  this  area,  and 
the  assemblage  more  nearly  resembles  the 
Ameghinos'  specimens  from  "Oeste  de  Rio 
Chico"  than  those  from  "Colhue-Huapi." 
Nevertheless,  Carlos  was  quite  positive  that 
he  had  not  found  our  Cahadon  Vaca  pocket 
and  that  although  his  "Oeste  de  Rio  Chico" 
specimens  were  from  near  there,  none  were 
found  precisely  there. 

Rio  Chico  ler  ijac.  Pyroth.  This  abbrevi- 
ated specimen  label  stands  for  "Rio  Chico, 
primer  yacimiento  de  Pyrotheriiim,"  "Rio 
Chico,  first  site  or  deposit  of  the  Pyro- 
tlwritim  fauna,"  although  in  fact  it  was  not 
the  first  known  locality  for  that  fauna  ( = 
Deseadan).    On  at  least  one  poorly  legible 
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label  the  indieation  seems  to  be  rather  "fr" 
than  "ler"  and  could  stand  for  "frente"  (op- 
posite ) .  In  either  case,  Carlos  confirmed 
that  this  is  the  very  rich  Deseadan  locality 
later  also  worked  with  great  success  by 
Loomis  ( 1914a )  and  called  Cabeza  Blanca. 
Loomis,  sharply  and  unjustifiably  critical 
of  the  Ameghinos,  insisted  that  there  are  no 
Notostylops  or  Casamayoran  beds  at  this 
locality,  although  in  fact  he  camped  on 
those  beds  for  three  weeks.  Carlos  did  col- 
lect Casamayoran  fossils  there,  but  only  a 
few,  including  one  type.  We  also  found  a 
few  Casamayoran  fossils  there  and  in  similar 
exposures  extending  for  a  league  or  more 
down  the  valley  from  the  hill  ( "cabeza" ) 
itself,  on  the  same  side  of  the  watercourse. 

Rio  Chico.  Three  types  have  only  this 
general  label.  Carlos  could  not  place  them 
more  exactly. 

Rio  Chico  frcnte  a  Malaspimi.  Malaspina 
is  an  occupied  site  west  of  Bahia  Busta- 
mante,  about  half  way  between  the  coast 
and  the  Rio  Chico.  The  fossil  locality  is  on 
the  Rio  Chico,  approximately  at  its  nearest 
point  to  Malaspina.  This  is  northeast  (down 
the  N'alley)  from  Cabeza  Blanca  and,  as  con- 
firmed by  Don  Carlos,  it  was  the  northern- 
most point  whcTe  he  found  C'asamayoran 
mammals.  Only  one  type  and  one  otlu  r 
specimen  are  labeled  as  from  here. 

CoUuiapi  [Collnic-IIttapi]  Norte.  This  is 
an  important  locality,  but  it  remains  some- 
what uncertain.  Ameghinos  sketch  map 
(1906,  fig.  22;  Fig.  1  of  this  paper)  shows 
two  localities  north  of  Lake  C'olhue-Muapi, 
one  across  the  pcMiinsula  that  juts  into  the 
north  part  ol  the  lake,  indicated  as  in- 
cluding "notostylopeen"  and  "pyrothereen" 
(Casamayoran  and  Deseadan),  and  one 
northwest  of  that,  shown  as  including 
"iiotostylopeeir  and  "astraponoteen"  ((]asa- 
mayoran  and  Miistcrsan).  Thirteen  Casa- 
mayoran and  two  Nbistersan  types  in  the 
Amcghino  (Jollection  arc  labeled  "Colhnapi 
norte."  W'c  lound  exposures  of  both  those 
stages  and  also  Deseadan  in  this  general 
area  and  an  especially  rich  Mnsli'rsan  de- 
posit, with  less  common  (iasamaxoran  and 


Deseadan  nearby,  at  a  locality  called  (when 
we  were  there)  Pajarito,  on  the  west  side  of 
the  Cerro  del  Humo.  With  allowance  for 
the  general  inaccurac\'  of  the  Ameghino 
map  and  for  its  rotation  of  the  lakes  from 
their  true  orientation,  our  Pajarito  could  be 
precisely  "Colhuapi  norte,"  but  Carlos  em- 
phatically denied  this.  He  spoke  of  a  single 
locality  some  distance  from  the  lake  on  the 
slope  of  a  meseta,  probably  in  the  \  icinit\' 
of  what  was  called  the  Sierra  del  Toro  in 
the  193()'s.  The  collections  tend  to  support 
Don  Carlos'  opinion  that  the  localities  are 
not  the  same,  oiu's  being  mostly  Mustersan 
and  his  mostly  Casamayoran  (13  types,  plus 
only  2  Mustersan).  Also  he  found  no  De- 
seadan fossils  there,  and  there  are  fairly 
evident  fossiliterous  Deseadan  beds  near 
our  locality. 

Santiago  Roth,  collecting  for  the  La  Plata 
Museum,  found  a  rich  Mustersan  fauna  at 
the  locality  that  he  called  "Lago  Musters" 
(see  Simpson,  1936).  This  is  almost  cer- 
tainly the  same  as  our  "Pajarito"  or  "Cerro 
del  Ilumo,"  for  our  collection  includes 
specimens  of  some  of  the  same  species  pre- 
served in  the  same  way.  B\'  the  same  token. 
Roth's  "Lago  Musters"  locality  is  probabh 
not  the  Ameghinos'  "Colhnapi  norte. "  (  Al- 
though the  lake  called  "Musters"  by  Roth 
was  in  fact  Colhue-Iiuapi  and  not  the  real 
Lago  Musters.)  The  Ameghinos"  maps  do 
not  show  anything  that  could  be  iioth's 
"Lago  Musters"  locality,  but  do  show  a 
(^asamaxoran  locality  ascribed  to  Roth  more 
to  tlu  north,  perhaps  near  Cerro  Tal({uino. 
There  are  in  iaet  e\tensi\-e  mammal-bearing 
pre-l)eseadan  bids  around  ( ]erro  TaUiuino, 
but  1  lia\e  been  unable  to  ecpiate  these 
with  an\-  of  Roths  highly  inad(  (|nate  site 
indications.  Most  ol  the  inlorniation  passed 
on  b\-  Roth  to  the  .Ameghinos  was  (|uite  un- 
reliable. Don  Carlos"  "(lolhuapi  norte"  max 
jiossibK  be  RollTs  "Lago  Musters"  and  oui- 
"Pajarito"  or  '"(lerro  del  Ihiino."  bnt  il  is 
more  likcK  that  it  lias  not  Ix'cn  icdiseoN- 
er(>d.  It  is  probabK  soinewhal  fartlu  r  east 
than  Carlos"  sketch  map  indicates. 

I'ieo  SaldtiKiiied.   'I'his  small  peak  is  along 
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Fig,  2.     Sketch   map  of  central    Patagonia  with  exposures  and   probable    connections    of    the    Astraponotus    beds    (Musters    For- 
mation),   by   Carlos   Ameghino.     (From    F.    Ameghino,    1906,  fig.   23.) 


the  coast  some  35  kilometers  north  of 
Comodoro  Rivadavia.  The  peak  itself  in- 
cludes no  Casamayoran  (nor  Salamancan, 
although  that  stage  is  named  for  it),  but  it 
is  surrounded  by  Casamayoran.  Don  Carlos 
said  that  fossils  so  labeled  \\'ere  gleaned 
oxer  a  large  area  in  this  general  region. 
They  include  three  types.  Carlos'  sketch 
map  shows  a  long  stretch  of  Casamayoran 
exposures  roughly  parallel  to  the  coast, 
along  the  southeast  flank  of  the  Pampa  de 
Castillo  and  the  Meseta  de  Montemayor, 
approximately  from  Pico  Salamanca  to 
Punta  Lobos.  The  formation  does  have 
about  this  extent,  but  the  exposures  are  not 
as  continuous  as  indicated. 

Este  de  Rio  Chico.  Don  Carlos  stated 
that  this  indication  does  not  refer  to  the  Rio 
Chico  valley  but  to  the  east  slope  of  the 
Pampa  de  Castillo  between  the  area  called 
"Pico    Salamanca"   to   the   south   and   that 


called  "Malaspina"  to  the  north.  One  type 
(TliomosJiuxh'ija  externa)  is  so  labeled. 

Malaspina.  By  this  name  Don  Carlos  in- 
dicated the  area  below,  east,  of  Malaspina, 
around  our  locality  "Las  Violetas."  He 
found  only  scraps  here,  and  while  we  con- 
sidered some  of  the  exposures  probably 
Casamayoran  we  found  no  fossils  in  them. 

Casamayor.  Punta  Casamayor  is  in  Santa 
Cruz,  on  the  coast  of  the  Gulf  of  San  Jorge, 
roughly  halfway  from  Comodoro  Rivadavia 
to  Cabo  Blanco.  Casamayoran  exposures 
occur,  not  at  Punta  Casamayor  but  south- 
east of  there  along  the  coast  between  that 
point  and  Puerto  Mazaredo  and  especially 
in  a  small  cahadon  that  the  Ameghinos 
named  after  the  French  collector  Tournouer, 
whom  they  guided  to  this  spot.  That  name 
was  never  known  locallv  and  in  the  1930's, 
at  least,  the  canadon  was  known  as  "Lobo" 
(meaning  "seal,"  not  "wolf").    Tournouer 
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found  a  few  fossils  there,  but  more  at 
Colhue-Huapi.  Dealing  with  those  fossils, 
Gaudry  applied  the  name  Casamayor  to  the 
fonnation  now  known  by  that  name,  whieh 
in  turn  has  given  its  name  to  the  Casa- 
mayoran  stage  and  age.  ( On  the  Toumouer 
Collection  and  Gaudry's  studies  see  Simp- 
son, 1965. ) 

It  has  generally  been  assumed  that  Casa- 
mayor is  a  major  locality  for  Casamayoran 
fossils,  but  such  is  not  the  case.  The  Ame- 
ghino  Collection  contains  only  one,  uniden- 
tified specimen  labeled  as  from  there. 
Tournouer,  most  successful,  found  about  a 
dozen  identifiable  specimens  (described  in 
Simpson,  1965).  Loomis  found  only  uniden- 
tifiable scraps  (Loomis,  1914b),  and  Riggs 
and,  later,  I  found  just  enough  to  confirm 
the  presence  of  Casamayoran  ( Simpson, 
1948,  and  in  press).  Even  Don  Carlos  was 
confused  on  this  one  point,  for  he  insisted 
that  this  is  a  rich  site.  When  I  pointed  out 
that  his  collections  contain  only  one  poor 
specimen  labeled  as  from  there,  he  indi- 
cated another  as  also  from  there,  but  in  fact 
that  was  neither  from  Casamayor  nor  col- 
lected by  him.  (This  was  the  only  out-and- 
out  error  in  his  discussions  with  me. )  Don 
Carlos  added  that  the  richest  level  is  ex- 
posed only  at  low  tide  on  the  wave-cut 
bench  {"restinga"),  but  in  fact  the  whole 
thickness  of  the  type  Casamayoran  Forma- 
tion is  exposed,  and  practically  barren  of 
fossils,  along  the  shore.  The  only  identifi- 
able fossils  positively  known  to  come  from 
that  area  are  from  somewhat  inland,  in 
Caiiadon  "Tournouer"  or  Lobo. 

Other  su])pofied  localities.  Carlos'  sketch 
map  ( Fig.  1  here )  shows  two  other  large 
areas  of  outcrops  as  "notostylopeen"'  or 
Casamayoran,  but  he  told  me  that  these 
had  been  identified  on  straligrapliic  grounds 
only  and  that  he  liad  never  found  identifi- 
able fossils  ill  them.  There  arc  no  speci- 
mens so  labeled  in  the  Am{\ghiii()  Collection 
or  specified  in  I'lorentino's  publications.  To 
my  knowledge,  there  is  likewise  no  trust- 
worthy later  report  of  identifiable  pre- 
Dcseadan  mammals  in  either  place.   One  is 


on  the  Rio  Deseado  between  Pico  Truncado 
and  Jaramillo,  and  the  other  on  the  Rio  Sen- 
guerr  west  of  the  central  lakes  and  of  the 
Sierra  San  Bernardo. 

Von  riuene  (1929,  p.  16)  wrote  that,  "A 
50  o  mas  kilometros  de  aqui  [western  part 
of  the  Sierra  San  Bernardo],  hacia  el  norte, 
se  encuentran  los  lugares  de  hallazgos  de 
los  bellos  y  completos  craneos  de  Notosftj- 
loj)s,  que  se  encontraron  depositados  en 
tobas  cenicientas,  rojizas  y  claras,  segun  me 
ha  explicado  personalmente  don  Carlos 
Ameghino  al  mostrarme  esos  craneos.  .  .  ." 
Some  failure  of  communication  had  oc- 
curred. There  is  no  known  Casamayoran  in 
the  region  indicated,  none  is  shown  on  Don 
Carlos'  sketch  map,  no  specimens  of  Noto- 
stijlops  or  anything  else  in  the  Ameghino 
Collection  could  be  supposed  to  have  that 
origin,  and  Don  Carlos  assured  me  that  he 
had  not  made  any  such  statement  to  \on 
Iluene. 

MUSTERSAN  LOCALITIES 

Colhuc-Huapi.  Localities  were  gi\en  for 
extremely  few  of  the  Ameghinos'  Mustersan 
("astraponoteen")  fossils.  Three,  all  types, 
are  labeled  as  from  "Colhuapi,"  the  same  as 
for  Casamayoran  specimens  from  the  bar- 
ranca south  of  Lake  Colhuc-Huapi.  Don 
C>arlos  confirmed  that  almost  all  his  Muster- 
san specimens  were  from  there.  The  sketch 
map  for  the  "astraponoteen"  shows  three 
relatively  small  patches  of  exposures,  all  in 
the  line  that  rather  inaccurately  indicates 
that  barranca  on  the  "n()tost>'lopeen"  sketch 
map  (compare  Figs.  1  and  2  of  this  paper). 
Th(^  southwestern  patch,  evid(MitI>-  some- 
what misplaced,  may  represent  the  western 
extension  of  the  barranca  known  in  the 
19.30's  as  Cerro  Blanco,  where  we  also  found 
Mustersan  fossils  allicxl  to  "Wsmodcxis'"  cir- 
cunflc.xus,  now  doubtfull\  rc^ferred  to  Pcri- 
})hra<gnis,  the  t\pe  of  which  is  from  Colhue- 
lluapi.  (There  is,  however,  some  possibilit\ 
that  the  type  had  drifted  from  the  overK  ing 
Deseadan  and  represents  one  of  the  Ame- 
ghinos'  extremely  few  errors  of  age  detcMini- 
nation.) 
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Fig.  3.  Index  map  of  central  Patagonia,  showing  collecting  localities  of  the  American  Museum  expeditions  (1930-1931, 
1933-1934)  relevant  to  Carlos  Ameghinos  earlier  sites.  1,  Barranca  south  of  Lake  Colhue-Huapl.  2,  Kilometer  170,  section 
similar  to  1 .  3,  Cerro  Blanco,  essentially  a  westward  extension  of  1 .  5,  Pa|arito  or  Cerro  del  Humo.  6,  Canadon  Vaca, 
one  of  a  series  of  Cosomayoran  localities  west  of  the  Rio  Chico.  7,  Canadon  Hondo,  one  of  a  series  of  Casamayoran  (and 
Riochican)  localities  east  of  the  Rio  Chico.  8.  Cabeza  Blanco.  9,  Site  east  of  the  Rio  Chico  down  the  volley  from  Cabeza 
Blanco.  13,  Los  Violetos,  in  the  region  of  Carlos  Ameghinos  "Malaspina.  '  14,  Pico  Salamanca.  15,  Cainodon  Lobo 
("Canadon   Tournouer'  ).     17,   Pico  Truncado.     (Slightly   modified  from  Simpson,   1948,  fig.   1.) 


Colhuapi  norte.  This  is  the  only  other 
Mustersan  locaHty  on  Don  Carlos'  sketch 
maps  or  on  the  specimen  labels.  It  is  the 
same  as  a  Casamayoran  locality  and  its  dubi- 
ous location  has  been  discussed  above. 

SUBDIVISION  OF  CASAMAYORAN  AND 
POSSIBLE  REFERENCES  TO  RIOCHICAN 

Florentino  Ameghino  at  one  time  ( 1902 ) 
gave  generic  lists  supposedly  distinctive  of 
a  "Notostylopense  superior"  and  "inferior," 
but  later  (1906),  while  still  considering  that 


three  or  perhaps  four  successive  faunas  oc- 
cur, he  united  these  into  one  "grande  faune." 
A  few  specimens,  mostly  from  Colhue- 
Huapi,  were  designated  in  publication  or 
on  labels  as  from  the  upper  or  the  lower 
"notostylopense"  or  "notostylopeen."  How- 
ever, these  do  not  suffice  to  distinguish 
separable  faunas.  In  general,  Don  Carlos 
did  not  attempt  to  separate  fossils  of  one 
"grande  faune"  by  levels;  when  he  col- 
lected, the  desirability  of  such  minor  sub- 
division was  not  evident  and  with  his  facili- 
ties ( or  lack  of  them )  its  practicability  was 
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slight.  In  fact,  even  though  recent  collec- 
tions are  exactly  placed  in  stratigraphic  sec- 
tions and  it  seems  highly  probable  that 
known  Casamayoran  covers  an  appreciable 
span,  no  distinct  faunal  succession  has  yet 
been  established  (e.g.,  Pascual,  1965). 

F.  Ameghino  also  referred  to  a  "basal" 
"Notostylopense"  or  "Notostylopeen,"  with- 
out making  it  quite  clear  what  sediments 
were  meant  to  be  included.  He  further 
stated  that  the  Salamancan  is  limited  ( at  its 
upper  boundary)  by  "un  ruban  de  gres  a 
gros  grains  melanges  .  .  .  avec  des  os  .  .  .  de 
Maminiferes  de  la  faune  du  Notostijlops." 
He  added  that,  "Une  des  plus  interessantes 
localites  de  ce  ruban,  est  celle  decouverte 
par  M.  Roth  en  face  de  Gaiman  .  .  .  avec 
des  dents  et  des  ossements  de  Mammiferes 
de  la  faune  notostylopeenne,  tels  que  Noto- 
stijlops, Polydolops,  Didolodus,  Adpithccus, 
Tn<j,onostylo})s,  etc."  (Ameghino,  1906,  pp. 
94-95).  He  was  thus  definitely  including 
in  the  "notostylopeen"  and  perhaps,  but  not 
explicitly,  as  "basal"  the  beds  that  I  much 
later  (Simpson,  1933)  called  the  Rio  Chico 
Formation.  Most  of  the  information,  here 
and  elsewhere,  cited  b>  F.  Ameghino  as 
coming  from  Roth  was  incorrect,  perhaps 
even  w  illfuUy  so,  as  Roth  and  the  Ameghinos 
were  not  invariably  on  good  terms.  It  is 
true  that  Roth  found  a  few  mammals  in 
sandstones  near  (iaiman,  a  settlement  on  tlu^ 
Chubut  i^ixcr.  but  th(^  cited  genera  were 
not  found,  even  according  to  Roth's  identifi- 
cations. Roth  (1908)  reported  none  of  the 
genera  named  by  Ameghino  but  two  sup- 
posedly new  genera,  one  perhajis  synony- 
mous w  ith  Hcnncoshoiiiid  (including  "Pohj- 
sfi/l<)j)s")  and  one  with  Isotcniuus.  Roth  did 
also  ha\e  a  specimen  peihaps  belonging  to 
Volijdolops,  but  none  of  the  other  genera  re- 
ported by  Ameghino  (see  Simpson,  1935a,  b). 

F.  Ameghino's  statement  seems  to  imply 
tjiat  he  also  had  specimens  ol  the  Noto- 
■siylops  fauna  from  the  .sandstone  that  he 
considered  a  shore  facies  of  the  Salamancan 
and  that  lliis  w  as  part  of  his  "notost\  lopeen," 
perhaps  the  "notostylopeen  basal."  In  fact 
this  seems  to  liave  been  an  error  based  either 


on  a  misunderstanding  or  a  deliberate  mis- 
statement from  Roth  and  not  on  observa- 
tions by  Carlos  or  specimens  collected  by 
him.  The  Rio  Chico  Formation,  which  of 
course  is  to  be  distinguished  from  the  Rio- 
chican  stage  and  age,  is  composed  of  detri- 
tal  clays,  sandstones  and  conglomerate. 
The  Casamayor  Formation,  likewise  as  dis- 
tinct from  the  Casamayoran  stage  and  age, 
is  entirely  composed  of  volcanic  bentonites 
and  tuffs.  The  difference  in  aspect  is  so 
complete  and  striking  that  it  cannot  possibly 
be  missed  by  the  most  casual  observer,  let 
alone  as  keen  an  observer  as  Carlos  Ame- 
ghino. He  categorically  assured  me  that  all 
his  specimens  referred  to  the  Notostylops 
fauna  were  from  the  \'olcanic  beds  and  that 
he  never  found  a  mammalian  fossil  in  any 
lower  beds.  There  is  no  fossil  mammal  in 
the  Ameghino  Collection  siiuilar  in  aspect, 
in  adhering  luatrix,  or  as  far  as  definitcK' 
determinable  in  species  to  known  fossils 
from  the  Rio  Chico  Formation.  Incidentally, 
although  the  extreme  uppermost  beds  of 
the  Rio  Chico  do  have  some  genera  in  com- 
mon with  the  Casamayor,  Notostylops  is 
not  among  them  as  far  as  \'et  discovered. 

Caroloamcii.hinia  mater  and  C  tcnuc 
were  published  as  from  the  "basal"  Noto- 
stylops beds.  The  t)'pe  specimens  now  \\a\v 
no  associated  horizon  or  locality  data.  Defi- 
nitely identifiable  referred  specimens  of 
each  species  are  from  the  C'asamayor  For- 
mation, and  the  genus  has  not  been  found 
in  the  Rio  C>hico  Formation  (see  Simpson. 
194tS).  The  t\pe  of  Pantostylops  lypiis  is 
also  labeled  as  from  the  "Partie  basale"  of 
the  Notostylo])s  beds,  but  this  is  a  s\  nouNm 
ol  llcnricoshornki  lophodonta,  a  rather  com- 
mon Casania>oran  spc>cies.  The  Ameghinos' 
three  t\pe  specimens  here  in  (iiu\sti()n  al- 
most certainl)-  were  from  the  Casamaxoi', 
and  the  uniquc>  reference  to  tlicm  as  not 
only  "inferior"  but  "basal"  cxidcntK  means 
onl\'  that  tlic\  W(M('  ncai-  the  bottom  ol  tlii' 
C^asamayor  tulls.  not  that  llic)  were  in  the 
Rio  Chico  beds.  As  noted  in  disenssing  the 
species  (Simpson,  1948,  p.  165),  the  type 
ol  OlIuiicliiKnsliia  lanniifcia  Juis  a  word  on 
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the  lalx']  that  may  be  "cuarcito"  (quartzite), 
which  could  apply  to  Rio  Chico  sandstone 
rather  than  to  coarse  Casamayor  tuff.  How- 
ever, we  found  the  species  abundant  in  defi- 
nitely Casamayor  beds  in  the  general  area 
of  the  type  locality  ("Oeste  de  Rio  Chico"), 
where,  furthermore,  we  found  no  I-lio  Chico 
exposures.  This  specimen,  too,  is  almost 
certainly  from  the  typical  Casamayor  tuffs. 

W^iatever  concept  Don  Florentino  may 
have  intended  by  "notostilopense  basal,"  it 
was  not  based  on  fossils  from  the  Rio  Chico 
Formation,  and  his  Notosfylops  fauna  did 
not  include  any  species  of  Riochican  age. 

Confusion  on  these  points  was  later  com- 
pounded by  the  application  of  the  name 
"Pehuenche"  by  Argentine  government  ge- 
ologists and  others  to  the  beds  now  called 
Rio  Chico,  the  type  Pehuenche  being  in  fact 
entirely  distinct  and  much  earlier  in  age. 
Cabrera  ( 1936 )  shared  that  confusion  and 
also  concluded  that  the  Riochiquense,  a  vir- 
tual synonym  of  Pehuenche  in  this  mistaken 
sense,  may  be  equivalent  to  "una  buena 
parte  del  Notostilopense  de  Ameghino." 
Debate  on  that  point  is  made  superfluous 
by  the  facts  that  none  of  the  Ameghinos' 
fossil  localities  were  in  the  beds  in  question 
and  that  they  had  no  valid  evidence  for 
referring  them  to  the  "Notostilopense." 
( Cabrera  referred  a  number  of  fossils  from 
the  uppermost  Rio  Chico  to  Casamayoran 
species,  but  those  are  what  might  be  called 
negative  identifications:  the  specimens  were 
not  specifically  identifiable  on  available 
data  and  were  referred  to  species  from 
which  they  could  not  be  certainly  distin- 
guished but  without  positive  evidence  of 
pertinence  to  those  species.) 

LOCALITY  DATA  OF  TYPE  SPECIMENS 

The  following  list  includes  the  names  of 
all  Ameghinos  Casamayoran  and  Muster- 
san  mammalian  type  specimens  for  which  I 
have  been  able  to  find  locality  data.  List- 
ing is  first  by  family  and  within  families  in 
alphabetical  order  of  the  names  first  ap- 
plied by  Florentino  Ameghino.  When  ap- 
propriate, that  is  followed  in  parentheses  by 


the  name  used  by  me  (Simpson,  1948,  and 
in  press )  for  the  taxon  to  which  I  now  refer 
Ameghino's  type,  if  that  name  is  different 
from  the  one  first  attached  to  his  type  by 
Ameghino.  Available  locality  indications 
are  given  by  the  following  abbreviations: 

C.H. — Colhue-Huapi. 
C.H.N. — Colhue-Huapi  norte. 
E.R.C.— Este  de  Rio  Chico. 
O.R.C.— Oeste  de  Rio  Chico. 
P.S. — Pico  Salamanca. 
R.C.— Rio  Chico. 

R.C.M. — Rio  Chico,  frente  a  Malaspina. 

R.C.P. — Rio  Chico,  yacimiento  de  Py- 

rotherhim  (around  Cabeza  Blanca). 

Faunas  or  levels  are  indicated  as  follows: 

Ca. — Casamayoran. 
Ca.S. — Upper  Casamayoran. 
Ca.I. — Lower  Casamayoran. 
Mu. — Mustersan. 

It  is  known  that  types  of  all  pre-Deseadan 
species  described  in  1897  were  from  Colhue- 
Huapi  and  they  are  listed  as  such  even 
though  not  so  labeled  in  the  collection. 

Names  as  first  proposed  by  Ameghino 
that  do  not  appear  in  this  list  were  based 
on  specimens  for  which  I  have  no  field 
data. 

MARSUPIAUA 

Didelphidae 

Ideodclphis  microscopicus.   C.H.,  Ca, 
Borhyaenidae 

Arminihcringia  aiiceta.   C.H.N.,  Ca. 
A.  contigua  (A.  cuUrata).   C.H.,  Ca. 
A.  cuhrata.   C.H.,  Ca. 
Dilestes   dilohus    (Arminiheringia    au- 

ceta).  C.H.N.,  Ca. 
Nemolcstes    spalacotherinus.     C.H.N., 

Ca. 
ProclacJostictis    erecta     ("F."    erecta). 

C.H.N.,  Ca. 
Fseudodadostictis  dcterminahile.  C.H., 

Ca. 
PCaenolestidae 

Progarzonia  notostylopense.    C.H.,  Ca. 
Polydolopidae 


72        Bulletin  Museum  of  Comparative  Zoology,  Vol.  136,  No.  4 


Ampliidolops  serrifcr  (Polydolops 
.s'C/ra).    C.H.,  Ca. 

Am  ))h  idol  ops  scrruhi.  C.H.,  Ca. 

PUodolops  primulus  (Polydolops  prim- 
ulus).  C.H.,  Ca. 

Polydolops  crassus  (P.  fhomasi  crassus). 
C.H.,  Ca. 

Polydolops  fur  (P.  thomasi  fhomasi). 
C.H.,  Ca. 

Polydolops  serra.   C.H.,  Ca. 

Polydolops  simplex  (P.  thomasi  thom- 
asi).  C.H.,  Ca. 

Polydolops  fhomasi.    C.H.,  Ca. 

Pseudolops  prineeps  (Polydolops  prin- 
ccps).   C.n.,  Ca. 

EDENTATA 
Dasypodidae 

Anteufatus  Icnis  (Utactus  Icnis).  ?C.H., 
Ca.S. 

Coclufaefus  cribcllafus.   R.C.,  Ca. 

? Muchly dotherium  sparsus  (M.  spar- 
sum).  C.H.,  Ca.S. 

Mcfeutatus  percarinafus.   C.H.,  Ca.S. 

Orthutactus  clavatus  (  Utactus  hucca- 
fus).  C.I  I.,  Ca.I. 

Orthutactus  crcnulatus  (Utaetus  buc- 
catu.s).   C.H.,  Ca.S. 

Parutactus  chicoensis  ( Utactus  hucca- 
tus).  C.I  I.,  Ca.  [The  specific  name 
strongly  suggests  a  Rio  Chieo  locality, 
but  the  label  with  the  type  has  "Col- 
huapi."] 

Parutactus  clusus  (Utaetus  buccatus). 
C.H.,  Ca.S. 

Parutactus  sipiatus  (Utaetus  buccatus). 
C.I  I.,  Ca.S. 

Posteufatus  indcmiiis  (l^  tad  us  bucca- 
tus).  C.n.,  Ca.S. 

Posteufatus  i)idcntatus  (Utaetus  bucca- 
tus).  C.H.,  Ca.S. 

Posteutatus  scabridus  (Utaetus  bucca- 
tus). C.II.,  Ca.S. 

Prostc'^ofherium  astrifcr.    C'.ll.,  Ca.S. 

Proste^othcriimi  nolosttjlopiauum. 
C.II.,  Ca.S. 

Psc  udostcLiol  hcriu  in  cliu  b  u  t  a  n  u  m. 
C.II..  Ca.S. 


Utactus  argos  (U.  buccatus).    R.C.M., 

Ca. 
Utaetus  buccatus.   C.H.,  Ca.S. 
Utactus  deusfus.   C.H.,  Ca.S. 
Utaetus  laxus.  O.R.C.,  Ca. 

CONDYLARTHRA 
Didolodontidae 

Didolodus  colligafus  (D.  multicuspis). 

C.H.,  Ca. 
Didolodus  mtdtictispis.   C.H.,  Ca. 
Enncoconus  parvidcns.    O.R.C.,  Ca. 
Eu])roto<ionia   pafa<^onica    ( Erncstoko- 

kenia  patagonica).   C.H.N.,  Ca. 
Euprotofi^onia     trigonalis     (Ernestoko- 

kcnia  trigonalis).   C.H.N.,  Ca. 
Lambdaconus  mamma  {Paulogervaisia 

mamma).   C.H.,  Ca.S. 
Lambdaconus   porcus    ( Pauloiicrvaisia 

porca).   C.H.,  Ca.S. 
Lonchoconus    lanceolatus    [Didolodus 

multicuspis).  C.H.,  Ca. 
Nephacodus  latifionus  (Didolodus  lafi- 

gonus).   O.R.C.,  Ca. 
Paulogcrvaisia  inusfa.    C.H.,  Ca.S. 
Procctocion  argcntinus.   C.H.,  Ca. 
Procctocion  precisus.    C.H.,  Ca. 
Prohyracotherium    mcdialis   ( Archaco- 

hyracothcrium  mcdialc).  O.R.C.,  Ca. 

UTOPTERNA 

Macraiicheniidae 

Amilncdwardsia  brevicuhi.  O.R.C.,  Ca. 
Anisolambda    longidcns   (YVictorlcmo- 

inca  longidcns).    O.R.C'.,  Ca. 
Erncstohacckclid     dcutidcns.      C).R.(;., 

Ca. 
Rufimcycria  conulifcra.    C.II.,  Ca. 
Victorlcmoinea    labyrinthica.     O.R.C, 

Ca. 
Victorlcmoinea  cmarginatn.  O.R.C,  Ca. 
Proterotheriidae 

CuilicbnofUnccria  plicata.   C.H.,  Ca. 
Joscpholcidya  adunca.    O.R.C,  Ca. 
Joscpholcidya  dcculca.   C.II.,  C^a. 
Ricardolydckkcriu  ])racrupta.  C.II.,  Ca. 
liicardolydckkcria  profunda.  CH.,  Ca. 


Ameghinos'  Patagonian  Localities  •  Simpson        73 


NOTOUNGULATA 
Henricosborniidae 

Henricosbornia   alouatina    (H.    lopho- 

clonta).  O.R.C.,  Ca. 
Ucnricoshornia   subconica    (H.   lopho- 

donta).   O.R.C.,  Ca. 
Othnichnar.shia  lacunifcra.  O.R.C.,  Ca. 
PantostyJops    incomplctiis    (Henricos- 
bornia lophodonta) .    O.R.C.,  Ca. 
Pantostylops  minutus  {Pcripantostijlops 

minutus).   O.R.C.,  Ca. 
PantostyJops  typus  (Henricosbornia 

lophodonta).'  O.R.C.,  Ca. 
Pohjsfylops  ampins  (Henricosbornia 

lophodonta).   O.R.C.,  Ca. 
Polystylops  prog^rediens  (Henricosbor- 
nia lophodonta).   O.R.C.,  Ca. 
Postpithccus    ciirvicrista    (Othniel- 

marshia  curvicrista).  O.R.C.,  Ca. 
Postpithccus  reflexiis  (Othnichnarshia 

rcflexa).    O.R.C.,  Ca. 
Sclenoconus    agilis     ( Peripantostylops 

minutus).   O.R.C.,  Ca. 
Sclenoconus  centralis  ( Henricosbornia 

lophodonta).   O.R.C.,  Ca. 
Selenoconus  senex  (Henricosbornia 

lophodonta).    O.R.C.,  Ca. 
Notostylopidae 
Acrostylops  ))uni[:,iunculus  (Homalosty- 

Jops  parvus).  C.H.,  Ca. 
Catastylops  deflexus  (Notostylops  de- 

flexus).  C.H.,  Ca. 
Catastylops  pendens  (Notostylops  pen- 
dens).   O.R.C.,  Ca. 
Entelostylops    appressus    (Notostylops 

appressus).   R.C.P.,  Ca. 
Entelostylops    completus    (Notostylops 

murinus).   C.H.,  Ca. 
Entelostylops    incolumis    (Homalosty- 

lops  parvus).  C.H.,  Ca. 
Entelostylops    tripartitus    (Notostylops 

murinus).   O.R.C.,  Ca. 
Eostylops  diversidens  (Notostylops  di- 

versidens).   C.H.N.,  Ca. 
Homalostylops  interlissus.   C.H.N. ,  Ca. 
Homalostylops  rigeo  (H.  parvus).  C.H., 

Ca. 
Isostylops  fretus  (Notostylops  murinus). 


C.H.,  Ca. 

Notostylops  ampullaceus  (N .  murinus). 
C.H.N.,  Ca. 

Notostylops  aspectans  (N.  murinus). 
O.R.C.,  Ca. 

Notostylops  bicinctus.    C.H.,  Ca. 

Notostylops  chicoensis.  C.H.,  Ca.  [De- 
spite the  specific  name,  the  type  is 
definitely  labeled  Colhue-Huapi.] 

Notostylops  murinus.   C.H.,  Ca. 

Notostylops  parvus  (Homalostylops 
parvus).  C.H.,  Ca. 

Notostylops  pro7nurinus  (N.  murinus). 
C.H.",  Ca. 

Oldfieldthomasiidae 

Acoelodus  connectus  (Paginula  parca). 

O.R.C.,  Ca. 
Acoelodus  oppositus.   C.H.,  Ca. 
Acoelodus  proclivus.   C.H.,  Ca.S. 
Antepithecus  plexostephanos  (Max- 

schlosseria  minima).   O.R.C.,  Ca.S. 
Eochalicothcrium  minutum  (Maxschlos- 

seria  minuta).   O.R.C.,  Ca. 
Eostylops    obliquatus    (Maxschlosseria 

consumata).   C.H.,  Ca. 
Isotemnus  consumafus  (MaxscJdosseria 

consumata).   O.R.C.,  Ca. 
Isotemnus  emundatus  (Maxschlosseria 

rusticula).   O.R.C.,  Ca. 
Maxschlosseria  anatona  (M.  minima). 

O.R.C.,  Ca.S. 
Maxschlosseria  praeterita.  O.R.C.,  Ca.I. 
Oldfieldthomasia  anfractuosa.   C.H.N. , 

Ca. 
Oldfieldthomasia  cing,ulata  (O.  debili- 

tata).   C.H.,  Ca. 
Oldfieldthomasia   conifera    (O.   debili- 

tata).   C.H.,  Ca. 
Oldfieldthomasia    cuncata    (O.    debili- 

tata).   C.H.,  Ca. 
Oldfieldthomasia    furcata    (O.    dcbili- 

tata).   C.H.,  Ca. 
Oldfieldthomasia   marginalis  (Max- 
schlosseria rusticida).    O.R.C.,  Ca. 
Oldfieldthomasia  parvidens.   C.H.,  Ca. 
Oldfieldthomasia  plicata  (O.  debilitata). 

C.H.,  Ca. 
Oldfieldthomasia  pulchella  (O.   parvi- 
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dens).   C.H.,  Ca. 
Old  fid  (1th  o  masia  .septa  {Moxsch  losseria 

septa).   O.R.C.,  Ca. 
Oldfieldthomasia  transversa.  C.H.,  Ca. 
Pa^inida  parea.    O.R.C.,  Ca. 
Pleurostijlodon    minimus    {Maxsehlos- 

seria  minima).   O.R.C.,  Ca. 
Ultrapithectis     rustieulus     {Max.sehlos- 

seria  rtistieula).  O.R.C.,  Ca. 
Ultrapithecus  rutikms.   C.H..,  Ca. 

Archaeopithecidae 

Adpifliecus  plenus  {Arehaeopithecus 
ro^eri).  C.H.,  Ca. 

Arehaeopithecus  alternans  (Aeropiffie- 
cus  riii,idu.s).   O.R.C.,  Ca. 

Arcfiaeopitheeus  rigidus  {Aeropithecus 
rigidu.s).   O.R.C.,  Ca. 

Archaeopitheeus  rogeri.   C.H.,  Ca. 

Notopithecus  fossulatus  {? Arehaeo- 
pithecus fossulatus).   C.H.,  Ca. 

Interatheriidae 

Adpithecus    .subtenuis     ( Notopithecus 

a(hipinus).   C.H.,  Ca.I. 
Aiitepithecus    brachi/stephanus.     C.H., 

Ca. 
Antepithecus    innexus    (?A.    inncxus). 

C.H.,  Ca. 
Antepithecus    interrasus    (A.    hrachij- 

stephanus) .  C.H.,  Ca. 
Epipithecus    confltiens    ( Notopitliecus 

a(hij)inus).  P.S.,  Ca. 
CU)nopithecu.s  trigodontoides  (Noto- 

pitliecus  adapinus).    O.R.C.,  Ca. 
Infrapithecus  cinctus  {Antepithecus 

hracluj.stephanus) .    C.H.,  Ca. 
Injrapithecus    diversus    ( Notopithecus 

adapinus).   (MI.N.,  (]a. 
NotopitJwcus  adapinus.   C.ll.,  (>a. 
Tra)isj)ithecus  ohtentus.  C.II.,  Ca. 

Archaeoliyracidae 

EoJujrax  isotemnoides.   C.II.,  Ca. 
Eohyrax  ))raertisticus.   C.II.,  Ca. 
Eohijrax  ruslicus.   O.R.C.,  Ca.S. 

I.sotcMiinidae 

Am))hitetnnus  nuclcafus  {Isolcmnus 
l)rifnitivus ).   (>.Ii.,  C>a. 


Amphitemnus   tran.sitorius    {Isotemnus 

primitivus).  C.H.,  Ca. 
Anchistruju  .sulco.sum    ( Pleurostijlodon 

modicus).   C.H.,  Ca. 
Anisolamhda  latidens  {Isotemnus  lati- 
dens).   C.II.N.,  Ca. 

Asmodeus  circunflexus  { ?Periphragnis 
circunflexus) .  C.H.,  Mii. 

Coelostijlops  cras.sus  { Pleurostijlodon 
similis).   O.R.C.,  Ca. 

Dialophus  recticrista  {? Pleurostijlodon 
recticrisfa ).   O .  R .C . ,  C a . 

Diahphuh  simus  {Pleurostijlodon  modi- 
cus). P.S.,  Ca. 

Dimerostephanus  attritus  ( Pleurostij- 
lodon modicus).   C.H.,  Ca.S. 

Dimerostephanus  colhuehuapensis  { ? 
Isotemnus  colhuehuapensis).  C.H., 
Ca.S. 

Eocludicotherium  cra.ssidens  {Isotem- 
nus latidens).  O.R.C.,  Ca. 

Eochalicotherium  robustum  {Iwtemnus 
latidcn.s).  O.R.C.,  Ca. 

Isotemnus  apicatus  {I.  latidens). 
O.R.C.,  Ca. 

Isotemnus  conspiquus  {I.  primitivus). 
C.H.,  Ca. 

Isotemnus  distentus  {Ani.sotemnus  di.s- 
tentus).  P.S.,  Ca.S. 

Isotemnus  enccatus  {I.  latidens).  O.R.C., 
Ca. 

Isotemnus  lophiodontoides  {Ani.sotem- 
nus distentus).  O.R.C.,  Ca. 

I.sotenu}us  primitivus.  C.H.,  Ca. 

Paratcmnus  geminatus  (Pleurostijlodon 
tnodicus).   C.II.,  C'a. 

Pleurostiilodon  divisus  [P.  tnodicus). 
C.H.,  Ca. 

Pleurostijlodon  oh.scurus  {P.  modicus). 
R.C.,  Ca. 

Plcxol('t)uuis  con}))licatissimus  {Acoelo- 
lujrax  complicatissinui.s).    (].H.,  Ca. 

Porotemnus  crassiramis  {? Pleurostijlo- 
don crassiramis).   C.II.,  Ca.S. 

Thoma.shuxlcija  externa.    b].R.C.,  Ca. 

Thomashuxlcija  rohusta.    C.II.,  ('a. 

Trimcrostephanus  august  us  (Isotemnus 
j)ri})iitivu.s).   (>.H.,  Ca. 

Trimcro.stcplwnus  biconus  (Picurostijlo- 
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don  hicomis).   C.H.,  Ca. 
T rimcrostephanus  sig.rria  {?Acoclohyrox 

.sii^ma).   C.H.N.,  Mu. 
Tycho.stylops  marculus  (Plcitrostylodon 

modicus).  C.H.,  Ca. 
Tychostylops  simiis  {Plcitrostylodon 

similis).   C.H.,  Ca. 

Notohippidae 

[No  locality  data  for  Ameghinos'  speci- 
mens.] 

Notoiingulata  inccrtae  sedis 

Carolodorwinia   pyramidentata.    C.H., 

Mu. 
?Claenodon  patagonicus  ("Clacnodon' 

patagonicus,  not  this  genus).   R.C.M., 

Ca. 
Isoty pother ium  anmdatum.    P.S.,  Ca.S. 
Lopliiodonticidiis  patagonicus.  O.R.C., 

Ca.S. 
Lopliiodonticidus  retrovcrsiis.    O.R.C., 

Ca.S. 
Plcurostylops  glchosus.   O.R.C.,  Ca. 
Tonostylops  spissiis.   C.H.,  Ca. 

ASTRAPOTHERIA 

Astrapotheriidae 

Astraponotus  assymnictriis.    C.H.N., 
Mu. 

TRIGONOSTYLOPOIDEA 
Trigonostylopidae 

Alhertogaudrya    oxygona    (A.    iinica). 

C.H.,  Ca.S.' 
Alhertogaudrya    rcgia     (A.    unica). 

C.H.N.,  Ca.S. 
Alhertogaudrya   separata    (A.    unica). 

C.H.,  Ca.S." 
Alhertogaudrya  tersa  (A.  unica).   C.H., 

Ca.S. 
Scahellia    cyclogona    (Alhciiogaudrya 

unica).  C.H.,  Ca. 
Scahellia  laticincta  (Alhertogaudrya 

unica).   C.H.,  Ca. 
Trigonostylops    columnifer    ( T.    uort- 

mani).  C.  H.,  Ca. 
Trigonostylops    coryphodontoides    ( T. 


icortmani).  C.H.,  Ca. 

? Trigonostylops  duplex  ("T."  duplex). 
C.IL,  Ca. 

Trigonostylops  cximius  [T.  wortmani). 
C.H.,  Ca. 

Trigonostylops  germinalis  (T.  wort- 
mani).  C.H.,  Ca. 

Trigonostylops  hemicyclus  {T.  wort- 
mani). C.  H.,  Ca. 

Trigonostylops  insumptus  ( T.  wort- 
mani). C.H.,  Ca. 

Trigonostylops  integer  ( T.  wortmani). 
C.H.,  Ca. 

Trigonostylops  minimus  (T.  tcortmani). 
C.H.,  Ca. 

Trigonostylops  scahellum  (T.  wort- 
mani). 6.R.C.,  Ca. 

Trigonostylops  secondarius  {T.  wort- 
mani). C.H.,  Ca. 

Trigonostylops  suhtrigonus  (T.  wort- 
mani). R.C.,  Ca. 

Trigonostylops  trigonus  (T.  wortmani). 
C.I  I.,  Ca. 

Trigonostylops  wortmani.   C.H.,  Ca. 

PYROTHERIA 
Pyrotheriidae 

Carolozittelia  eluta.  Published  as  from 
the  lower  part  of  the  Pyrotherium 
beds  (Deseadan),  "Oeste  de  Rio 
Chico,  cerca  Chubut,"  but  may  be 
from  the  Casamayoran. 

Carolozittelia  tapiroidcs.    O.R.C.,  Ca. 

Promoeritherium  australe.   C.H.,  Mu. 

Maininalia  incertae  sedis 

Anagonia  insulata.  C.H.,  Ca.S. 
Proplanodus  adnepos.   C.H.,  Ca.S. 
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A  STUDY  OF  THE  EFFECTS  OF  EXPATRIATION  ON  THE  GONADS 
OF  TWO  MYCTOPHID  FISHES  IN  THE  NORTH  ATLANTIC  OCEAN 


WILLIAM  T.   O'DAY'  AND   BASIL  NAFPAKTITIS^ 


INTRODUCTION 

Nearly  a  hundred  years  ago  it  was  as- 
sumed that  speeies  of  deep-sea  fishes  must 
have   an   unHmited   horizontal    distribution 
because  of  the  apparent  uniformity  in  their 
sunless  environment.    Material  and  knowl- 
edge   have    been    increasing    rapidly    ever 
since,   and   we  now   know   that  even   con- 
generic species  can  be  localized  in  particu- 
lar regions  or  water  masses.    We  also  know- 
that  some  widely  spread  species  can  not 
reproduce   away  from   their  generally   re- 
stricted  spawning  areas.    Concerning  this 
latter    phenomenon,    Ekman     (1953:    317) 
wrote,  "In  some  cases  where  a  species  oc- 
curs in  a  region   as  a  dwarfed  variety  or 
with  very  few  individuals,  it  may  neverthe- 
less reproduce  itself  to  a  sufficient  extent 
and  thus  have  its  home  there.   But  in  other 
instances  it  remains  questionable  whether 
the  species  is  able  to  exist  independently  in 
the    unfavourable    region    or    whether    it 
would  not  die  out  there  if  it  were  not  con- 
tinuously reinforced  from  the  more  favour- 
able regions."  Ekman  named  the  unfavour- 
able   region    the    expatriation    area.     His 
insight  provided  a  new  viewpoint  for  sub- 
sequent studies  in  zoogeography.  "With  the 
ever  increasing  store  of  specimens  of  bathy- 
pelagic  fishes,"  wrote   Ebeling    (1962:    1), 
"along  with  accumulated  data  on  their  dis- 
tributions and  environment,  it  is  now  pos- 

^  Department  of  Biological   Sciences,   University 
of  Southern  California,  Los  Angeles,  California. 


sible  to  discuss  their  zoogeography  profit- 
ably; that  is,  to  investigate  not  only  what 
species  are  present  and  where  they  are,  but 
also  why  they  are  there  and  how  they  got 
there." 

Lantern  fishes,  family  Myctophidae,  offer 
good  material  for  a  study  of  expatriation  in 
general  and,  especially,  of  its  effects  in  the 
gonads  at  the  cellular  level.  Most  of  them 
live  at  depths  between  200  and  1,000  meters. 
Precise  determination  of  the  vertical  dis- 
tribution is  complicated  by  several  factors, 
especially  the  following:  (1)  distinct  de- 
velopmental stages  are  found  at  different 
depths;  (2)  after  metamorphosis  the  fishes 
undergo  extensive  diumal  vertical  migra- 
tions; (3)  vertical  distribution  in  the  same 
species  can  vary  in  different  areas. 

Spawning  depth  seems  to  be  species- 
specific.  Fertilized  eggs  or  newly  hatched 
larvae  float  to  the  surface  where  they  spend 
their  larval  life.  Shortly  before  metamor- 
phosis to  the  adult  form,  the  pelagic 
larvae  (probably  due  to  changes  in  their 
specific  gravity  [Taning,  1918:  19-20,  149]) 
sink  to  deeper  layers  where  metamorphosis 
is  completed.  Then  the  newly  metamor- 
phosed fishes  join  the  adults  in  their  diurnal 
vertical  migrations,  and  their  life  span  may 
be  as  long  as  four  or  five  years.  Since  they 
feed  almost  exclusively  on  zooplankton, 
their  vertical  migrations  have  been  corre- 
lated with  the  similar  movements  of  their 
prey.  Many  myctophids,  as  they  approach 
sexual  maturity,  de\elop  sexually  dimorphic 
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characters  in  the  form  of  xarious  kmiinous 
structures. 

The  present  study  is  limited  to  the  North 
Atlantic  with  particular  respect  to  Lohian- 
chia  (lofh'ini  and  Lohkinchki  gcmellari,  the 
distribution  patterns  of  which  have  recently 
been  worked  out  by  Nafpaktitis  ( Dana  Re- 
port, in  preparation ) .  The  purpose  of  the 
study  is  to  illustrate  the  effects  of  expatria- 
tion on  the  gonads  at  the  cellular  level. 

We  are  greatly  indebted  to  Dr.  Ned  Feder 
of  the  Biology  Department,  Harvard  Uni- 
versity, for  his  technical  adxice  and  for  al- 
lowing us  to  use  many  facilities  in  his 
laboratory.  We  are  especially  grateful  to 
Dr.  Giles  W.  Mead  of  the  Museum  of  Com- 
parati\'e  Zoology,  Harvard  University,  for 
his  kindness  in  reviewing  the  manuscript 
and  offering  valuable  advice  and  criticism. 
L.  V.  Worthington  and  R.  H.  Backus  of  the 
Woods  Hole  Oceanographic  Institution 
have  generously  given  of  their  time  for 
profitable  discussions  concerning  several 
ideas  in  this  paper.  Partial  support  was  ob- 
tained through  grant  GF  147,  from  the  Na- 
tional Science  Foundation  to  Harvard  Uni- 
versity in  support  of  oceanic  ichthyology. 

MATERIALS 

A  list  of  the  specimens  from  which  go- 
nads were  removed  and  sectioned  for  the 
present  work  ( sizes  are  in  standard  length  ) 
is  as  follows: 

Lobianchia  doflciiti 

One  female,  33  nun,  BIA'E  D01J'HI\,  sta. 
RHB  450,  39M5'N,  71  ()8'W,  |nlv  Ifi,  1953,  75 
fnis;  one  female,  32  mm,  BLUE  DOLl'llIN,  sta. 
RHB  467,  39°37'N,  70°58'W,  Augnst  19,  1953, 
24  fms:  one  female,  36  nnn,  BLUE  DOLPHIN, 
sta.  RHB  471,  39'^48'N,  70  34'\V,  Auj^ust  23,  1963, 
varied  depths;  one  female,  34  mm,  ATLANTIS, 
sta.  RHB  459,  41  05'N,  63^40'W,  Jnly  25,  1963, 
.340  fms;  one  female,  .37  nnn,  CAPTAIN  BILL, 
.sta.  RHB  904,  .38'52'N,  7r5.5'W,  Oetober  10. 
1962,  .300  fms;  one  female,  .33.5  nnn,  CHAIN, 
cnii.se  17,  sta.  RHB  801,  00  15'S,  18'^40'W,  April 
26,  1961,  85  m;  two  females,  46  nnn  and  26  mm, 
CHAIN,  cruise  17,  sta.  RHB  803,  09  27'N,  27 
45'\\',  May  1,  1961,  275  m;  one  female,  .32.5  mm, 
ATLANTIS  II,  crni.se  13,  sta.  RHB  1004,  41  29' 
N,  60'14'W,  September    1,    1964,  .3.30-.395  m:  one 


male,  33.6  mm,  ATLANTIS  II,  cruise  13,  sta. 
RHB  1005,  41  26.5'N,  59°01'W,  September  4, 
1964,  400-555  m;  one  female,  .34.2  mm,  ATLAN- 
TIS II,  cruise  13,  sta.  RHB  1019,  41°53'N,  46°54' 
W,  September  9,  1964,  400-410  m;  one  female,  34 
mm,  ATLANTIS  11.  cruise  13,  sta.  RHB  1041,  39° 
24'N,  27nr\\',  September  21,  1964,  220-300  m; 
one  female,  33  mm,  GERONIMO,  Bureau  of  Com- 
mercial Fisheries,  Washington  (BCFW)  Cat.  No. 
324,  03  28'S,  00  14'W;  one  female,  27  mm,  GE- 
RONIMO, BCFW  Cat.  No.  372,  3r49'N,  55  = 
19'W. 

The  above  material  is  deposited  at  the  Museum 
of  Comparative  Zoology,  Harvard  University. 

One  female,  36  mm,  and  one  male,  32  mm, 
WALTHER  HERWIG,  .sta.  103,  14^30'N,  55°  19' 
W,  March  24,  1964,  900  m  wire  out.  Institut  fiir 
Seefischerei,   Hamburg. 

One  female,  33  mm,  CARYN,  haul  23,  32  05.5' 
N,  65  20'W,  July  23,  1948,  1,500  m  wire  out;  one 
female,  28  nnn,  CARYN,  haul  56,  .32°07'N,  64°.37' 
W,  August  25,   1948. 

The  CARYN  material  is  deposited  at  the  Field 
Museum   of  Natural   History,   Chicago. 

D.ANA  material,  deposited  at  the  Danish  Marine 
Biological  Institute,  Charlottcnlund,  Denmark,  is 
listed  below. 

One  female,  27.5  mm,  sta.  1119  I,  .36°08'N,  00° 
30'W,  September  23,  1921,  300  m  wire  out;  one 
female,  36  mm,  sta.  1131  I,  36°11'N,  02°12'W, 
October  2,  1921,  400  m  wire  out;  one  female,  27 
nnn,  and  one  male,  27.5  mm,  sta.  1134  II,  36°08' 
N,  04°30'W,  October  3,  1921,  300  m  wire  out;  two 
females,  28.5  and  31  mm,  sta.  1135  IV,  36°04'N, 
05  05'W,  October  4,  1921,  250  m  wire  out;  one 
female,  40  mm,  sta.  4157  IV,  44°01'N,  09°13'W, 
June  16,  1930,  300  m  wire  out;  one  female,  36 
mm,  sta.  4192  II,  .39°57'N,  24°59'W,  Jime  19, 
1931,  600  m  wire  out;  one  female,  33  mm,  sta. 
4195  HI,  41  55'N,  .32°22'W,  June  22,  1931,  .300 
m  wire  out;  one  fenude,  37  nnn,  st;i.  4203  III,  49 
49'N,  30  22'W,  June  30,  1931,  300  m  wire  out. 

Lohidiicliid  iicmcllari 

One  female,  99  mm,  CAPTAIN  BILL  II,  sta. 
19,  .39'51'N,  7ri3'W,  June  23,  1952,  175-180 
fms:  one  female,  101  mm,  ATLANTIS,  sta.  RHB 
462,  41  ■,53'N,  64  23'W,  July  28,  1953,  855  fms; 
two  males,  37  and  57  nun,  CHAIN,  cruise  17,  sta. 
HUB  808,  18°00'N,  39  OO'W,  May  5-6,  1961,  290 
m;  one  female,  .39  mm,  CH.\IN,  cruise  17,  sta. 
Riii^  810,  20  55'N,  43  15'W,  May  7,  1961,  495 
m:  one  male,  45  mm,  ATLANTIS  II,  crui.se  13, 
st;i.  Hllli  1020,  42  05'N,  46  29'W,  September  9, 
1964,  3.50-125  m;  one  fenude,  93  nnn,  ATLANTIS 
IL  cruise  13,  sta.  RHB  1023,  43°16'N,  45°03'W, 
September  10,  1964,  ,520-700  m;  one  female,  50 
mm,  ATLANTIS  11,  crui.se  13.  st;i.  RHB  1026, 
44  38'N,  43°,55'W,  September  II,  1964,  440  m; 
•ine  rem;ile.    II  imii.  ATLANTIS  II.  cruise   13,  sta. 
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RHB  1044,  39°37'N,  3inO'W,  September  26, 
1964,  200-475  m. 

The  above  material  is  deposited  at  the  Museum 
of  Comparative  Zoology,  Harvard   University. 

One  female,  78  mm,  WALTHER  HERWIC,  sta. 
107,  14°30'N,  20M2'W,  March  25,  1964.  900  m 
wire   out.    Institut  fiir  Seefischerei,   Hambmg. 

DANA  material,  deposited  at  the  Danish  Marine 
Biological  Institute,  Charlottenlund,  Denmark,  is 
listed  below. 

One  female,  42  mm,  sta.  1186  VI,  17°58'N,  64° 
4rW,  December  1,  1921,  1,000  m  wire  out;  one 
female,  44  mm,  sta.  1281  I,  17°43'N,  64°56'W, 
April  1,  1922,  1,000  m  wire  out. 

METHODS 

/.  Posffixation.  Acrolein  postfixation 
proved  unnecessary.  Postfixed  tissues  were 
indistinguishable  in  histological  sections 
from  non-postfixed  tissue.  The  postfixation 
procedure  was  as  follows:  the  specimen 
was  transferred  from  727c  ethanol  to  a  solu- 
tion of  107r  acrolein  in  72%  ethanol,  left 
overnight  at  0°C,  and  then  transferred  to 
100%  ethanol  and  left  at  0°C  about  6  hours 
or  longer.  The  latter  step  was  repeated  and 
then  the  tissue  was  dehydrated. 

//.  Dehydration.  The  specimens  were 
transferred  successively  to  the  following 
solvents  and  left  in  them  at  0°C  for  the 
indicated  time: 

( 1 )  methyl  cellosolve  ( ethylene  glycol 
monomethyl  ether)  or  1007^  etha- 
nol, 8-24  hours; 

(2)  n-propanol,  8-24  hours. 

///.  Embedding.  Ovaries  were  impos- 
sible to  section  well  in  paraplast,  a  syn- 
thetic paraffin.  Slightly  better  results  were 
obtained  with  ester  wax  1960,  a  very  hard 
embedding  medium,  and  polyester  wax,  a 
very  soft  (m.p.  37°C)  embedding  medium, 
which  may  be  hardened  during  sectioning 
by  being  bathed  in  dry  ice  vapor.  Both 
ester  wax  and  polyester  wax  are  described 
elsewhere  (Steedman,  1960;  Sidman,  Mottla, 
and  Feder,  1961). 

Far  better  results  were  obtained  with 
glycol  methacrylate,  a  liquid  monomer  that 
polymerizes  into  a  hard  plastic  when  heated 
(Rosenberg  et  al.,  1960;  Ashley  and  Feder, 


1966).  The  "monomer  mixture"  contained 
95  ml  purified  glycol  methacrylate,  5  ml 
polyethylene  glycol  200,  and  0.15  g  of  cata- 
lyst (2,2'-azobis  [2-methyl]  propionitrile). 
Since  the  tissues  were  seldom  larger  than  a 
few  millimeters  in  diameter,  one  cc  or  less 
of  100%  monomer  mixture  was  sufficient  to 
infiltrate  them  over  a  period  of  about  two 
days.  Just  before  polymerization,  the  tis- 
sues were  stained  for  a  few  hours  in  a  con- 
centrated solution  of  acid  fuchsin  or  safra- 
nin  in  100%^  monomer  mixture  so  that  they 
could  be  seen  in  the  hardened  plastic  for 
sectioning.  Sections  were  cut  at  a  thickness 
of  one  micron  on  a  Porter-Blum  microtome. 
Sections  were  floated  on  a  drop  of  water 
on  a  glass  slide  and  allowed  to  dry  on  the 
slide. 

IV.  Staining.  Wax  sections  were  stained 
in  hematoxylin  and  eosin.  Plastic  sections 
were  stained  with  toluidine  blue  or  acid 
fuchsin  followed  by  toluidine  blue  (Ashley 
and  Feder,  1966).  This  was  done  by  plac- 
ing a  drop  of  a  concentrated  aqueous  solu- 
tion of  the  dye  on  the  section,  and  rinsing 
it  in  distilled  water  after  the  proper  stain- 
ing time,  which  was  about  four  minutes  or 
less  for  acid  fuchsin  and  five  minutes  for 
toluidine  blue.  Stained  sections  were  al- 
lowed to  dry.  Then  they  were  mounted 
with  permount  and  coverslipped. 

\^  Photographs.  These  were  taken  with 
Kodachrome  II  color  film  or  Panatomic-X 
black-and-white  film. 

Lobianchia   dofleini   (Zugmayer) 

Lobianchia  dofleini  (Fig.  1)  is  a  stout 
little  fish  attaining  a  maximum  size  of  about 
48  mm  in  standard  length  and  reaching 
sexual  maturity  at  about  30  mm.  Like  its 
North  Atlantic  congener  L.  gemeUari,  L. 
dofleini  shows  striking  secondary  sexual 
dimorphism  in  the  fonn  of  a  series  of  lumi- 
nous scale-like  structures,  which  are  located 
on  the  dorsal  aspect  of  the  caudal  peduncle 
in  males  and  on  the  ventral  in  females  (Fig. 

2). 

L.  dofleini  is  widely  distributed  in  the 
North  Atlantic  (Fig.  3).    It  spreads  across 
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Figure    1.      i.ofaianch/o    doflemi    (Zugmayer,    1911).      Male,    27   mm    in   standard    length. 


the  ocean  in  a  rather  broad  belt  lying  be- 
tween the  latitudes  26  N  and  48 °N.  In 
spite  of  its  wide  distribution  L.  doflcini  ap- 
pears to  have  a  reasonably  well  defined 
spawning  range  that  includes  the  western 
Mediterranean  Basin  and  the  northeastern 
part  of  the  North  Atlantic,  south  of  48° N 
and  east  of  35' \V. 

This  fish  is  not  only  widely  distributed 


Figure  2.  Luminous  glands  on  caudal  peduncle,  tobionc/iio 
dolleini:  A,  female;  B,  male.  L  geme//ori:  C,  female;  D, 
male. 


but  is  frequently  taken  in  enormous  num- 
bers. With  its  wide  distribution  and  abun- 
dance, its  well  de\eloped  swim  bladder  and 
its  ability  to  undertake  diurnal  vertical  mi- 
grations, it  may  well  prove  to  be  an  impor- 
tant component  of  the  deep  scattering  layers 
(D.S.L. ),  especially  in  the  areas  within  its 
range  where  it  is  most  numerous,  i.e.,  off 
the  coast  of  New  England  in  the  west,  the 
western  basin  of  the  Mediterranean,  and 
the  adjacent  waters  of  the  North  Atlantic 
in  the  east.  Its  properties  as  a  sound  scat- 
terer  have  been  discussed  b\'  Marshall 
(1951),  and  its  probable  in\ol\ement  in 
the  D.S.L.  has  been  suggested  by  Ilersey 
and  Backus   (1954). 

During  the  early  stages  of  a  systematic 
work  on  the  species  ( Nafpaktitis,  in  prepa- 
ration), it  was  noticcxl  that  females  with 
r\pv  o\a  were  becoming  rare  west  of  30  W. 
This  obser\'ation  led  to  an  extensive  exami- 
nation of  many  himdr(>ds  of  specimens  col- 
lec-ted  by  \arious  xcssels  in  the  western 
North  Atlantic,  west  of  40  W  ,  and  north  of 
25° N.  The  results  can  be  summarized  as 
follows:  (  1 )  Not  a  single  gra\id  female 
was  found  in  collections  made  along  and  oil 
the  continental  slope  of  the  northeastern 
United  States.  At  best,  the  gonads  on  gross 
examination     apjieared     small     and     lineK' 
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Figure    3.      Distribution    of    L    dolleini    in    the    North    Atlantic.     Solid    dots     represent    gravid    females;    open     squares,     adults; 
solid  squares,   gravid    females  and   adults;   and  circles,    juveniles   —   12   mm    in    standard   length. 


granular,  in  spite  of  the  fact  that  the  caudal 
luminous  structures  in  both  sexes  were  fully 
developed.  (2)  In  all  collections  along  the 
continental  slope  and  those  north  of  40°N, 
specimens  smaller  than  16  mm  were  absent. 
(3)  Young  stages,  II  mm  to  12  mm,  were 
found  regularly  along  the  R/V  DANA 
transect  from  Cape  Hatteras  to  Bermuda 
and  from  Bermuda  to  the  Azores  (Fig.  3). 

The  above  findings  aroused  the  suspicion 
that  the  population  in  the  northwestern 
Atlantic  consisted  of  expatriates  which, 
under  the  hydrological  conditions  prevail- 
ing in  that  area,  were  incapable  of  repro- 
ducing. A  histological  examination  of  the 
gonads  was  subsequently  undertaken. 

Many  specimens  were  sectioned,  both 
from  the  expatriation  area  in  the  western 


North  Atlantic  and  from  the  spawning 
grounds  in  the  eastern  North  Atlantic,  over 
a  period  of  time  extending  throughout  the 
summer  and  into  early  fall  (see  under  Ma- 
terials). 

Results.  The  photomicrographs,  Plate  I, 
A  and  B,  illustrate  the  differences  between 
ovaries  from  specimens  of  L.  dofleini  taken 
in  the  reproductive  area  and  those  from 
specimens  taken  in  the  expatriation  area. 
Expatriate  specimens  characteristically  con- 
tained only  oogonia  and  oocytes,  while  the 
relatively  enormous  yolk-filled  eggs  oc- 
curred only  in  ovaries  of  specimens  from 
the  spawning  area.  Expatriate  oocytes  con- 
tained no  large  yolk  granules  but  did  not 
appear  abnormal.  Their  structure  was  en- 
tirely similar  to  that  of  a  normal  oocyte  in 
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which  vitellogenesis  had  not  yet  begun  to  a 
noticeable  extent.  Ovaries  of  females  from 
the  spawning  area  that  are  not  preparing 
to  spa\\Ti  have  many  such  oocytes. 

Oocytes  in  early  stages  of  de\'elopment 
stain  well  with  hematoxylin  or  toluidinc 
blue.  The  developing  oocyte  grows  greatly 
in  size,  the  number  of  nucleoli  increases, 
and  a  clear  cytoplasmic  zone  separates  the 
nucleus  from  a  surrounding  region  of 
darker-staining  cytoplasm,  an  effect  which 
appears  to  be  due  to  centrifugal  migration 
of  mitochondria  and  Golgi  complexes 
(Droller  and  Roth,  1966).  A  faintly  striated 
zona  radiata,  especially  conspicuous  in  fish 
oocytes,  can  be  seen  in  later  stages  of  de- 
velopment. Eventually  the  oocyte  is  com- 
pletely enclosed  in  a  single  layer  of  follicle 
epithelium  and  surrounded  by  thin  con- 
nective tissue.  Protein  yolk  stains  well  with 
acid  fuchsin  or  eosin.  The  large,  globular, 
non-staining  cytoplasmic  inclusions  are  ap- 
parently lipids  (Chopra,  1960;  Ra\'en,  1961: 
101-105;  Droller  and  Roth,  1966). 

Expatriate  males  had  testes  that  contained 
mature  sperm.  The  testis  is  composed  of 
many  lobules  lined  with  germinal  epithe- 
lium. Speim  are  produced  within  these 
lobules  and  later  move  into  a  main  duct. 
The  entire  structure  is  well  vascularized 
and  bound  together  by  connective  tissue 
(Hoar,  1957:  291).  Mature  sperm  are  small, 
hook-shaped  cells  that  stain  darkly  \\ith 
toluidine  blue.  Their  delicate  flagella  are 
not  preserved. 

Discussion.  Since  the  expatriate  popula- 
tion is  unable  to  reproduce  itself,  it  must  be 
maintained  bv  regular  transfusions  of  n(>w 


individuals  from  the  spawning  area.  The 
route  over  which  these  reinforcements  ar- 
rive might  be  expected  to  follow  the  track 
of  an  ocean  current,  or  series  of  currents, 
that  integrate  the  expatriation  area  with 
the  reproductive  area.  What  is  this  route 
of  constant  reinforcement? 

On  the  basis  of  hydrological  evidence, 
L.  V.  Worthington  of  the  Woods  Hole 
Oceanographic  Institution  (Worthington, 
1962)  proposed  a  two-gyre  system  occupy- 
ing the  central  and  western  North  Atlantic 
(Fig.  4).  The  southern  gyre,  with  Bermuda 
roughly  in  its  center,  extends  to  about  40^ 
W.  As  it  flows  through  the  fringes  of  the 
spawning  area,  larvae  and  young  stages  are 
swept  westward  by  it.  Since  the  return 
flow  of  the  southern  g\'re  has  an  axerage 
velocity  of  about  10  cm  per  second  (Worth- 
ington, personal  communication),  the  young 
fishes  could  be  transported  from  the  fringes 
of  the  spawning  area  to  the  continental 
slope  of  North  America  in  about  one  year. 
This  time  appears  to  be  too  long  to  account 
for  the  occurrence  of  12  mm  juveniles  off 
Cape  Hatteras,  but  little  is  known  about 
fluctuations  in  the  rate  of  transport  and  the 
duration  of  larval  life.  In  view  of  present 
knowledge  about  the  current  system  in  the 
North  Atlantic,  the  route  proposed  here 
seems  to  be  the  only  feasible  one.  Under 
the  influence  of  the  westward  flow,  the 
expatriates  will  eventualh'  reach  the  Gulf 
Stream.  This  current  will  rapidly  carry 
th(Mn  northward.  Substantial  numbers  will 
enter  th(>  adjacent  colder  and  l{\ss  salin(> 
Slop(-  Water  ( Iselin,  1936:  11 )  off  the  coast 
of  the  northeastern   Ignited  States.    Others 


Plate   I.     A:     Oocytes  in  the  ovary  of  an  expatriate   L   dolleini,  34.2  mm  in  standard  length;    R    V  ATLANTIS   II,  cruise  13,  sta. 
RHB   1019,    4r53'N,    46' 54'W,    September   9,    1964,    400-410    m   depth.     Glycol    methacrylate,    toluidine   blue,    X  400. 
B;     A  single  egg   from   the  ovary  of  a  specimen   of   L.   doHemt,    31.0    mm    in    standard    length,    taken    in    the    spav^/ning    area; 
P/V   DANA,   sla.    1135    IV,   36"04'N,    05"05'W,   October   4,    1921,  250  m  wire  out.     Glycol    methacrylate,   acid   fuchsin,   tolui- 
dine blue,   X  250. 

C:  Partial  view  of  cross  section  of  testis  of  expatriate  L  geme//ori,  45.0  mm  in  standard  length,  showing  cell  divisions  but 
no  sperm;  R/V  ATLANTIS  II,  cruise  13,  sta.  RHB  1020,  42"05'N,  46"29'W,  September  9,  1964,  350-425  m  depth.  Glycol 
methocryiole,    toluidine    blue,    X   1,000. 

D:  Partial  view  of  testis  of  L.  gemellari,  57.0  mm  in  standard  length,  taken  in  the  spawning  area.  Hook-shaped  cells  are 
mature  sperm.  R  V  CHAIN,  cruise  17,  sta.  RHB  808,  18'00'N,  39''00'W,  May  5-6,  1961,  290  m  depth.  Glycol  methacry- 
late,   acid    fuchsin,    toluidine   blue,    X  1,000. 
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Figure    4.      The    two-gyre    system    proposed    by    Worthington    (1962).      Reproduced    from    Deep-Sea    Research. 


will  remain  in  the  Gulf  Stream,  while  a  few 
may  follow  the  current  until  they  return  to 
the  spawning  grounds.  In  the  expatriation 
area  the  young  dojleini,  apparently  capable 
of  adapting  themselves  to  the  physico- 
chemical  factors,  will  grow  to  physical  ma- 
turity. However,  with  ecological  factors 
far  from  meeting  the  requirements  of  their 
reproductive  physiology,  these  fishes  will 
fail  to  reproduce. 

There  are  remarkable  differences  between 
the  temperature  and  salinity  distributions 
in  the  expatriation  area  and  the  spawning 
area.  Hjort  {in  Murray  and  Hjort,  1912: 
444^45)  wrote:  "A  peculiar  feature  is  that 
all  the  [100  m]  isotherms  on  the  western 
side  [of  the  North  Atlantic]  are  quite  close 
together,  the  water  layers  being  squeezed 
between    the    oceanic    subtropical    waters 


from  the  south  and  the  Labrador  current 
from  the  north.  All  changes  in  temperature 
are  therefore  on  the  western  side  very 
sharp.  On  the  eastern  side  the  layers  are 
spread  out  fan-wise,  and  as  a  consequence 
we  may  at  a  depth  of  100  meters  find  the 
same  temperature  prevailing  from  north  to 
south  over  wide  areas  .  .  ."  The  average 
temperatures  at  a  depth  of  200  m  in  the 
North  Atlantic  (Fig.  5)  show  a  pattern  very 
similar  to  that  described  by  Hjort  for  the 
100-meter  isotherms.  A  temperature  profile 
across  the  Atlantic  at  40 °N  shows  that  there 
is  a  sharp  convergence  of  isotherms  above 
2,000  m  in  a  westward  direction  (Fig.  6). 
At  the  same  latitude,  the  isohalines  show  a 
marked  convergence  from  east  to  west  (Fig. 
7).  Briefly,  then,  the  variation  in  both  tem- 
perature and  salinity  with  depth  is  much 
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Figure   5.      Average    temperatures   at   a   depth    of   200   m    in    the   North    Atlantic.      From    Schroeder    (1963,    pi.    6). 


greater  in  tlie  expatriation  area  than  in  the 
spawning  area.  Thi.s  variation  is  clearly  re- 
flected in  the  way  the  broadly  spaced  iso- 
therms in  the  east  converge,  both  horizon- 
tally and  vertically,  towards  the  north- 
western North  Atlantic. 

The  population  of  Lohiancliia  dofleini  in 


the  Slope  Water  off  New  England,  \\'hich 
consists  of  adult  individuals  only,  appears 
to  be  almost  as  dense  as  that  in  the  spawn- 
ing area.  The  Slope  Water  "is  characterized 
by  being  the  mixing  zone,  in  the  upper 
layers  (down  to  200  meters),  for  coastal 
water,   which   has   escaped    from   o\er   the 


Figure    6.      Temperoture    (^C)    profile    to   a    depth    of    2,000    m   at    40   N,     from     Georges     Bank     to     Portugal     (October     2-22, 
1957).     From    Fuglister    (1960:    41),    intermediate    isotherms   omitted. 
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Figure    7.      Salinlfy    (',,)    profile    to    a    depth    of   2,000    m    at   40'N,    from    Georges    Bank    to    Portugal    (October    2-22,     1957). 
From    Fuglister    (I960:    79),    intermediate    isohalines    omitted. 


continental  shelf,  and  Gulf  Stream  water, 
which  has  been  carried  west  of  the  cur- 
rent's path"  (Iselin,  1936:  11). 

The  broad  stratification  of  both  tempera- 
ture and  salinity  in  the  water  of  the  spawn- 
ing area,  and  their  much  more  narrow  and 
less  orderly  distribution  in  the  water  of  the 
expatriation  area,  suggest  that  stability  of 
environment,  within  certain  limits,  may  be 
a  critical  factor  in  the  development  of  eggs. 

Lobianchia   gemellari   (Cocco) 

Expatriation  from  a  subtropical  environ- 
ment to  the  same  expatriation  area  inhabited 
by  L.  dofleini  should  produce  similar  or 
more  severe  effects  in  that  expatriate.  L. 
gemellari  (Fig.  8),  a  species  closely  related 


to  L.  dofleini,  confirms  this  expectation. 
Reaching  sexual  maturity  at  about  40  mm, 
L.  gemeUari  is  a  somewhat  larger  fish  than 
L.  dofleini.  It  has  a  wide  distribution,  but 
is  most  abundant  within  a  broad  belt  of 
warm  water  in  the  central  North  Atlantic 
(Fig.  9).  Its  .spawning  area  includes  the 
Caribbean  Sea  and  adjacent  waters. 

Expatriation  produces  more  drastic  ef- 
fects in  L.  gemellari  than  in  L.  dofleini. 
Not  only  are  gametes  of  both  sexes  pre- 
vented from  growing  normally,  but  even 
secondary  sexual  characters  fail  to  develop 
fully.  Expatriate  males  are  generally  indis- 
tinguishable from  expatriate  females,  al- 
though a  few  specimens  show  traces  of 
sexually  dimorphic  luminous  tissue  on  the 
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Fcgure   8.     Lobianchia  gemellari    (Cocco,    1838).     Male,   47.6  mm   in   standard   length. 
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Figure   9.      Distribution   of    L.    gemellari    in    the    North    Atlantic.     Solid    dots    represent  gravid   females;   open    squares,    adults; 
solid  squares,  gravid  females  and  adults;   and  circles,   juveniles   ^=   12   mm   in   standard   length. 


caudal  peduncle.  Accordingly,  histological 
examination  was  necessary  to  determine  se.x 
in  most  expatriate  specimens  of  L.  gemellari. 
for  the  gonads  in  both  sexes  were  thread- 
like whitish  structures.  Ovaries  in  some 
specimens  were  evident  from  a  barely  visi- 
ble granular  consistency.    In  contrast,  the 


ovaries  of  mature  but  non-spawning  fe- 
males of  the  reproductive  area  were  far 
larger,  yellow,  and  noticeably  granular. 

Results.  Histological  sections  of  oxaries 
from  gravid  females  caught  in  the  spawn- 
ing area,  show  many  large  yolk-filled  eggs 
and  some  growing  oocytes   (Plate  II,  A). 


Plote  II.  A:  Several  oocytes  in  different  stages  of  development  in  the  ovary  of  a  specimen  of  L.  gemellari,  42.0  mm  in 
standard  length,  taken  in  the  spawning  area;  R  V  DANA,  sta.  1186  VI,  17'58'N,  64  4]'W,  December  1,  1921,  1,000  m 
wire   out.     Glycol    methacrylate,    acid    fuchsin,    toluidine    blue,    X   100. 

B:  Very  small  oocytes  in  the  ovary  of  an  expatriate  L.  gemellari,  50.0  mm  in  standard  length;  R  V  ATLANTIS  II,  cruise 
13,  sta.  RHB  1026,  44"38'N,  43'55'V/,  September  11,  1964,  440  m  depth.  Glycol  methacrylate,  acid  fuchsin,  toluidine 
blue,    X   1,000. 

C;  Cross  section  through  a  lobule  in  the  testis  of  a  specimen  of  L.  dolleini,  27.5  mm  in  standard  length,  from  the  spawn- 
ing area;  R  V  DANA,  sta.  1134  II,  36'08'N,  04°30'Vv',  October  3,  1921,  300  m  wire  out.  Glycol  methacrylate,  toluidine 
blue,    X   1,000. 

D:  Cross  section  through  a  lobule  in  the  testis  of  an  expatriate  L.  doflemi,  33.6  mm  in  stondard  length;  R  V  ATLANTIS  II, 
cruise  13,  sta.  RHB  1005,  4r26.5'N,  59"0rV^,  September  4,  1964,  400-555  m  depth.  Glycol  methacrylate,  toluidine  blue, 
X  1,000. 
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Plate   II 
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Figure    10.      Temperature    (    C)    profile   to   a    depth    of  2,000   m    at   16°N,    from   Guadeloupe   to    Frencfi    West  Africa    (November 
13-29,    1957).     From    Fuglisfer    (I960:    31),    intermediate    isotfierms  omitted. 


The  testes  of  males  from  the  reproductive 
area  contained  large  numbers  of  sperm 
(Plate  I,  D).  Expatriate  females  had  ova- 
ries that  contained  extremely  few  oocytes, 
and  even  these  were  very  small  (Plate  II, 
B )  in  comparison  to  the  oocytes  in  the 
ovaries  of  females  from  the  reproductive 
area.  In  expatriate  ovaries  the  oocytes  were 
similar  in  appearance  to  the  smallest  oocytes 
in  a  normal  ovary.  Expatriate  testes  did  not 
contain  mature  sperm  (Plate  I,  C).  How- 
ever, both  testes  and  ovaries  of  expatriate 
gemelhni  showed  a  great  number  of  cell 
divisions,  in  spite  of  the  relatively  minute 
size  of  these  gonads  and  their  superficial 
appearance  of  inactivity.  Chromosomes 
were  easily  visible  when  stained  with  tolui- 
dine  blue. 

Discussion.  The  process  of  expatriation 
for  this  species  is  swift  and  short.  The 
Florida  Current,  which  flows  through  the 
Straits  of  Florida  at  a  maximum  velocity  of 
160  cm  per  second  (74.5  miles  per  day)  at 
the  center  of  the  current  (Sverdrup  ef  aJ., 
1942:  673-674),  can  easily  initiate  expatria- 
tion. The  Gulf  Stream,  which  is  continuous 
with  this  current  at  Cape  Ilaiteras,  can 
speed  the  expatriates  northward  more  than 
60  miles  per  day  (computed  from  xelocities 
given  by  Sverdrup  ci  al.,  1942:  675). 

The  differences  in  the  expatriate  environ- 
ment are  more  pronounced  for  L.  gcmellari 
than  lor  L.  doflcini.  As  the  tempcMature 
profiles  at  16"N  and  40"N  indicate,  the 
waters  within  the  spawning  area  are  warmer, 
and  their  tem]-)eralures  vary  less  with  depth. 


For  example,  at  16 °N  the  temperatures  at 
200  m  range  from  15°C  to  20°C  (Fig.  10), 
but  at  40°N  it  is  generally  colder  than  15° 
C  at  this  depth.  The  horizontal  temperature 
distribution  at  200  m  depth  (Fig.  5)  also 
shows  the  same  differences. 

Other  examples 

Several  species  of  the  myctophid  genus 
Diaphus  are  expatriated  in  the  same  way  as 
L.  gcmcllari  and  should  provide  further 
examples  of  the  effects  of  expatriation. 
Diaphus  inoUis  and  D.  cfful^i^ens  from  sub- 
tropical and  wann  central  North  Atlantic 
waters,  D.  clucens  and  D.  lucidus  from 
tropical  waters  have  all  been  caught  in  the 
same  expatriation  region  inhabited  by  L. 
dofleini  and  L.  gcmcllari.  It  is  very  prob- 
able that  not  all  expatriate  species  are  re- 
productiveh'  affected  in  the  same  way  as 
L.  dofleini  and  L.  'gemellari.  Death  of 
gametes  or  unsuccessful  dexelopment  in 
very  early  stages  are  some  other  possible 
effects  of  expatriation. 

CONCLUSION 

The  area  in  which  a  species  c-an  exist  may 
be  much  larger  than  the  area  in  which  it 
can  spawn.  Unlike  eels,  salmon,  or  herring — 
which  migrate  far  from  their  spawning 
grounds  but  return  as  part  of  the  regular 
life  cycle — expatriates  return  to  the  spawn- 
ing area  only  b\'  chance.  The  majoritx'  of 
expatriates  live  vegetati\cl\  in  an  alien  en- 
vironment, lor  which  their  tolerance  may 
\ary.  Exj-jatriates  of  /..  dofleini  are  \igorous 
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and  numerous  and  show  normal  sexual  di- 
morpliism,  but  cannot  reproduce.  L.  gemcl- 
lari  expatriates  are  affected  more  severely; 
reproduction  is  impossible  and  secondary 
sexual  dimorphism  is  reduced  or  nonexistent. 

The  effects  of  expatriation  may  be  far- 
ranging.  \Vithin  the  species  from  \\'hich 
expatriates  are  drawn,  it  may  relieve  popu- 
lation density.  Furthermore,  the  possible 
evolutionary  implication  of  expatriation 
should  not  be  overlooked.  Considering  that 
species  are  more  or  less  localized  in  water 
masses  which  are  defined  by  their  physical, 
chemical,  and  biological  characteristics,  it 
is  conceivable  that  there  will  occur  occa- 
sional mutant  expatriates  which  are  pre- 
adapted  to  the  expatriate  environment. 
Following  restriction  of  gene  flow,  selec- 
tion pressures  in  the  new  environment  will 
initiate  and  advance  speciation.  "Although 
more  subtle  than  nearshore  or  terrestrial 
barriers  to  or  means  of  dispersal,  l^ound- 
aries  and  colonization  routes  in  the  open 
ocean  have  helped  elaborate  the  immense 
and  varied  bathvpelagic  fauna"  (Ebeling, 
1962:   148). 

The  phenomenon  of  expatriation  seems 
to  be  more  widespread  than  has  been 
thought.  It  should  be  looked  for  and  ex- 
pected wherever  ocean  currents  flow 
through  different  water  masses. 
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DELIMITATION   OF  THE  GENUS  CERACIS   (COLEOPTERA:   CIIDAE) 
WITH  A   REVISION   OF  NORTH  AMERICAN   SPECIES 


JOHN   F.   LAWRENCE 


INTRODUCTION 

The  genus  Ceracis,  as  it  is  here  deHmited, 
includes  about  40  described  species,  oc- 
curring primarily  in  the  New  World.  Mellie 
(1848)  originally  proposed  the  name  for  a 
subgenus  of  Enncarthron,  the  species  of 
which  were  characterized  by  having  8, 
instead  of  9,  antennal  segments.  In  the 
present  paper,  the  limits  of  this  genus  are 
expanded  to  include  species  which  mav 
have  S,  9,  or  10  antennal  segments,  but 
which  share  a  number  of  prosternal  and 
tibial  characters  to  be  discussed  below. 
Although  a  complete  revision  is  not  possible 
at  this  time,  some  of  the  more  apparent 
synonymies  are  included  in  the  generic 
treatment,  and  detailed  accounts  are  given 
for  those  species  occurring  in  the  United 
States  and  Canada. 

Since  the  genera  Ennearthron  and  Ccva- 
cis  have  been  confused  in  the  literature,  it 
would  be  useful  to  outline  briefly  the  his- 
tory of  both  concepts.  The  genus  Enncai- 
thron  was  described  by  Mellie  in  1847,  but 
no  species  names  were  included.  In  1848, 
Mellie  placed  15  species  in  the  genus,  5  of 
which  comprised  a  new  subgenus,  Ceracls. 
The  nominate  subgenus  was  divided  into 
2  groups:  species  with  the  elytra  "pub- 
escentes"  and  those  with  the  elytra  "glabres." 
The  first  group  included  E.  comutum  (Gyl- 
lenhal),  E.  affinc  (Gyllenhal),  and  E.  fronti- 
coinis  (Panzer).  E.  comutum,  which  was 
later  designated  as  type  species  by  Desma- 
rest  (1860),  has  the  prosternum  somewhat 
tumid  with  a  broad  intercoxal  process  and 


the  protibia  with  a  single  tooth  at  the  apex; 
except  for  the  antennal  segmentation,  it 
closely  resembles  many  species  of  Cis.  E. 
affinc  and  E.  fwnticumis  differ  from  E. 
comutum  in  having  the  prosternum  some- 
what concave  and  the  protibial  apex  bear- 
ing several  small  spines;  these  two  species 
are  now  placed  in  the  genus  Sulcacis  Dury 
{=Entypus  Redtenbacher,  not  Dahlbom) 
(Lohse,  1964;  Lawrence,  1965).  The  re- 
maining 7  species  form  a  more  compact 
group  in  which  the  surface  appears  gla- 
brous ( actually  covered  with  very  short 
and  fine  hairs ) ,  the  prosternum  is  concave, 
the  intercoxal  process  laminate,  and  the 
protibial  apex  expanded  and  bearing  sev- 
eral spines.  These  species  differ  from  those 
placed  in  Ceracls  only  in  the  number  of 
antennal  segments. 

Since  Mellie's  monograph  was  the  first 
and  only  world  revision  of  the  family  Ci- 
idae,  no  further  attempts  were  made  to 
clarify  these  generic  concepts.  Lacordaire 
( 1857)  considered  Ceracis  to  be  generically 
distinct  from  Enncarthwn,  and  subsequent 
authors  added  new  species  to  both  genera, 
usually  on  the  basis  of  antennal  segmenta- 
tion alone.  Most  North  American  workers 
applied  the  name  EnncaitJiron  only  to  those 
species  falling  into  Mellie's  second  group, 
and  other  forms  with  9-segmented  antennae 
were  placed  in  different  genera,  such  as 
Dolichocis  Dury  and  Plesiocis  Casey.  The 
only  exceptions  are  Ennecuthron  transversa- 
tum.  E.  unnulatum,  and  E.  pallidum,  all 
described    by    Kraus    ( 1908 ) ;    these    three 
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fonns  resemble  the  species  of  Orthocis 
Casey  and  may  represent  a  distinct  genus. 
European  workers  placed  more  weight  on 
antennal  characters  and  included  a  number 
of  diverse  forms  within  the  genus  Ennear- 
tliron. 

At  the  present  time,  54  nominal  species  of 
Enneaiihron  exist  in  the  literature;  in  the 
following  treatment,  26  of  these  ( represent- 
ing 16  valid  species)  are  removed  and 
placed  in  the  genus  Ceracis.  The  remaining 
species  of  Enneaiihron  still  form  a  rather 
heterogeneous  group.  Some  of  them  repre- 
sent typical  species  of  Cis,  in  which  anten- 
nal segments  have  been  miscounted,  while 
the  others  represent  at  least  7  distinct  phy- 
letic  lines,  in  \\  hich  the  number  of  antennal 
segments  has  become  reduced.  Several  of 
these  species  probably  should  be  placed  in 
the  genus  Cis,  in  spite  of  the  antennal  seg- 
mentation, but  further  study  will  be  neces- 
sary to  detennine  their  relationships.  Of 
the  25  nominal  species  of  Ccracis,  5  are 
removed  and  the  remainder  represent  15 
valid  species.  These  will  hv  discussed  in 
more  detail  below . 
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METHODS  AND  TERMINOLOGY 

Taxonomic  characters.  Color  is  of  lim- 
ited usefulness  as  a  diagnostic  character  in 
this  family  because  of  the  relatively  long 
period  of  time  between  eclosion  and  the 
attainment  of  full  pigmentation,  during 
which  tenerals  are  abundant  in  the  popula- 
tion. It  is  even  less  useful  in  this  genus 
because  of  its  variation  in  fully  pigmented 
adults.  When  color  is  used  in  descriptions, 
it  is  stated  in  simple  terms,  and  \\'ords  like 
"fuscous"  and  "piceous"  are  avoided.  The 
texture  of  the  pronotum  and  elytra,  which 
is  diagnostic  for  some  species,  may  be  de- 


scribed as  distinctly  granulate,  lightly  gran- 
ulate, or  smooth,  and  the  surface  sheen 
varies  from  dull  to  shiny  accordingly.  The 
vestiture  is  fairly  constant  throughout  the 
genus,  and  differences  in  the  lengths  of  the 
fine  hairs  are  too  small  to  be  noted  in  the 
descriptions. 

Head  characters  are  used  primarily  for 
males  (see  below).  The  vertex  is  defined 
as  the  entire  area  between  the  eyes  from 
the  frontoclypeal  ridge  to  the  concealed 
occiput.  In  most  Ciidae,  the  area  in  the 
\'icinity  of  the  frontoclypeal  suture  forms 
a  ridge  extending  from  the  edge  of  one  eye 
to  the  other.  This  is  called  the  frontoclypeal 
ridge,  since  it  contains  parts  of  both  the 
irons  and  the  clypeus. 

The  antennae  may  be  8-,  9-,  or  10-seg- 
mented,  depending  upon  the  number  of 
segments  between  the  scape  and  the  3-seg- 
mented  club.  Ratios  between  various  seg- 
ments may  be  of  value  at  the  specific  level, 
but  in  this  treatment  only  the  ratio  of  seg- 
ment III  to  segment  IV  has  been  used. 

The  pronotum  varies  considerably  l)e- 
tween  species  in  size,  shape,  and  puncta- 
tion.  The  disc  in  some  species  is  declined. 
The  punctures  are  fairly  evenly  distributed, 
but  there  is  some  variation  in  the  distances 
between  them.  Some  measure  of  the  coarse- 
ness and  density  of  the  pronotal  punctation 
is  obtained  by  comparing  the  average  punc- 
ture diameter  to  the  length  of  the  scutellar 
base  and  the  distances  between  punctures 
to  the  diameter  of  a  puncture.  Other  pro- 
notal characters  are  found  only  in  males  and 
will  be  discussed  below. 

The  elytra  also  vary  in  size,  shape,  and 
punctation.  The  sides  may  be  parallel  for 
most  of  their  lengths  or  rounded.  The  ely- 
tral  punctation  may  be  single — consisting 
of  punctures  uniform  in  size  and  distribu- 
tion, or  dual — composed  of  punctures  of 
variable  size  and  usually  falling  into  2  dis- 
tinct size  classes.  When  the  punctation  is 
dual,  the  larger  punctures  (or  both  sizes) 
are  occasionally  seriate,  forming  distinct 
rows.  The  coarsenesss  and  density  of  the 
larger  ehtral  punctures  may  be  compared 
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to  that  of  the  pronotal  punctures.  The 
diameter  of  an  elytral  puncture,  though, 
is  often  difficult  to  measure,  because  of 
shadow  effects  caused  by  variation  in  the 
slope  of  the  sides  of  the  puncture.  The 
shape  of  the  elytra,  as  determined  by  a 
length-width  ratio  may  be  used  as  a  diag- 
nostic character,  since  it  does  not  differ 
between  the  sexes. 

Prosternal  characters  are  used  only  in  the 
generic  description.  The  term  "body  of 
prostemum"  refers  to  that  part  in  front  of 
the  coxal  cavities,  and  this  is  continued  pos- 
teriorly as  the  laminate  intercoxal  process. 
The  postcoxal  process  is  a  mesial  continua- 
tion of  the  pronotal  hypomeron. 

There  is  some  \'ariation  in  the  numbers  of 
spines  on  the  apex  of  the  protibia,  but  this 
variation  is  intraspecific  as  well  as  inter- 
specific. The  exact  number  of  spines  is  dif- 
ficult to  determine  since  the  spines  grade 
into  fine  setae  toward  the  inner  angle.  For 
these  reasons,  protibia!  characters  were  not 
used  in  the  species  descriptions  or  diag- 
noses. 

Th(^  metastemum  varies  somewhat  in  its 
shape,  and  the  metasternal  suture  varies  in 
length  as  compared  to  the  median  length  of 
the  sternal  plate.  The  abdomen  also  varies 
somewhat  in  length,  but  has  not  been  used. 
The  setigerous  pore  in  the  middle  of  sternite 
III  is  found  in  males  only.  Characters  in- 
volving the  8th  sternite  of  the  male  and  the 
aedeagus  have  not  been  used  in  species  de- 
scriptions, because  there  seems  to  be  little 
N'ariation  here  between  species.  This  is  in 
marked  contrast  to  genital  characters  in  th(> 
genus  C/.v,  which  are  olteii  diagnostic  for 
species  or  species  groups.  In  tlu^  generic 
description,  the  terms  tegmen  and  median 
lobe  are  used,  lollowing  Sharp  and  Muir 
(1912). 

Secoiiddii/  sexual  elidKicleis.  In  all  spe- 
cies of  the  genus,  the  males  are  character- 
ized by  ha\ing  a  setigerous  pore  on  the  first 
visible  abdominal  sternite  ( stermte  111). 
This  pore,  which  may  be  circular  or  trans- 
versely oval,  smaller  or  larger  in  si/.e,  dis- 
tinctly or  indistinetK  margined,  and  located 


at  the  middle  of  the  sternite  or  posterad  of 
this,  is  a  useful  diagnostic  character  for 
males,  since  it  does  not  appear  to  vary 
within  a  species.  In  indicating  the  size  and 
position  of  the  pore,  the  temi  "body  of 
sternite"  refers  to  that  portion  behind  the 
intercoxal  process. 

The  males  of  most  species  differ  from  fe- 
males also  in  the  shape  of  the  pronotum,  the 
development  of  the  pronotal  apex,  and  the 
structure  of  the  frontoclypeal  ridge.  The 
use  of  these  characters  to  separate  species, 
however,  requires  a  good  deal  of  caution 
and  has  led  to  the  formation  of  a  number  of 
synonyms  in  the  past.  Each  of  these  char- 
acters varies  within  a  species,  and  the  vari- 
ation may  be  considerable.  The  shape  of 
the  pronotum  is  the  least  variable,  if  one 
excludes  the  development  of  the  apex. 
Larger  male  specimens  often  have  the  pro- 
notum expanded  lateralK*  and  the  sides  sub- 
parallel,  whereas  smaller  males  and  all  fe- 
males have  the  sides  more  rounded  and  not 
expanded.  The  apex  of  the  pronotum  may 
be  rounded  or  weakly  emarginate  in  the 
males  of  some  species,  produced  forming 
two  tubercles,  teeth,  or  horns  in  others, 
and  forming  an  emarginate  lamina  in  others. 
The  teeth  or  horns  \  ar\'  in  size  and  may  be 
parallel  or  diverging.  In  all  of  these  species, 
the  smaller  males  have  weakly  developed 
pronotal  characters,  and  the  smallest  speci- 
mens can  barely  be  distinguished  from  fe- 
males on  the  basis  of  this  character  alone. 
The  frontoclypeal  ridge  is  simple  and 
rounded  or  truncate  in  some  species,  and 
various!)'  produced  in  others,  forming  an 
emarginate  lamina,  two  tub(M"clt\s  or  horns, 
or  an  elongate  median  liorn.  These  cliarac- 
lers  also  \ar\  witliin  a  species,  and  in 
smaller  males  the\   are  barely  developed. 

The  luattei-  is  huther  complicated  by  the 
I  act  that  the  pronotal  and  frontoclypeal 
characters  \ar\-  allometrically,  so  that  the 
length  ol  a  pronotal  lamina  increases  loga- 
rithmicalK  with  an  aiithmetic  increase  in 
another  character  such  as  elytral  length. 
The  curious  situation  then  arises  that  the 
loiiii  which  "eharaeteii/es  '  a  gi\('n  s[)eeies, 
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or  that  which  most  easily  distinguishes  it 
from  rehited  species,  is  present  only  in  the 
largest  males,  which  comprise  a  minority 
of  the  population. 

Measurements  and  ratios.  The  pronotal 
length  (  PL )  is  measured  along  the  midline, 
and  in  males  it  includes  the  horns  or  lam- 
inae. The  pronotal  width  (PW)  is  the 
greatest  width.  The  elytral  length  (EL)  is 
taken  just  to  one  side  of  the  midline  from 
the  base  of  the  scutellum  to  the  elytral 
apices.  The  elytral  width  ( EW )  is  the 
greatest  width.  The  total  length  is  the  sum 
of  PL  and  EL  and  does  not  include  the 
head;  it  is  given  in  mm.  For  one  sample  of 
each  species,  the  range,  mean,  and  standard 
error  of  the  mean  are  given  for  the  total 
length  and  for  the  following  ratios:  TL 
EW,  PL  PW,  EL  E^^^  EL  PL.  In  the  de- 
scription, these  ratios  are  given  for  a  male 
and  a  female  (holotype  and  allotype  or 
plesiotypes),  and  the  statistical  treatment 
is  included  in  the  section  on  variation. 
Ratios  are  used  in  the  keys  only  when  there 
is  very  little  or  no  overlap  between  species 
or  groups  of  species. 

Locality  data.  Because  of  the  large 
numbers  of  specimens  examined,  complete 
data  are  given  only  for  types  or  plesiotypes. 
For  each  species,  the  total  number  of  speci- 
mens examined  is  included,  followed  by  a 
list  of  localities,  and  the  institutions  or  pri- 
vate collections  providing  the  material  for 
study.  The  localities  are  grouped  according 
to  general  area  ( Canada,  United  States, 
Mexico,  Central  America,  West  Indies), 
subgrouped  alphabetically  by  province, 
state,  or  country,  and  listed  alphabetically 
within  each.  The  following  abbreviations 
are  used  to  indicate  the  sources  of  material : 
AMNH,  American  Museum  of  Natural 
History;  ANSP,  Academy  of  Natural  Sci- 
ences of  Philadelphia;  BBM,  Bernice  P. 
Bishop  Museum;  BMNH,  British  Museum 
(Natural  History);  BRUS,  Institut  Royale 
des  Sciences  Naturelles  de  Belgique;  BYU, 
Brigham  Young  University;  CAS,  California 
Academy  of  Sciences;  CDA,  California 
State  Department  of  Agriculture;  CIN,  Cin- 


cinnati Museum  of  Natural  History;  CM, 
Carnegie  Museum;  CNC,  Canadian  Na- 
tional Collection;  CNHM,  Chicago  Natural 
History  Museum  (Field  Museum);  CU,  Cor- 
nell University;  GEN,  Museum  d'Histoire 
Naturelle,  Geneva;  HH,  Henry  Howden  Col- 
lection; INHS,  Illinois  Natural  History  Sur- 
vey; JFC,  J.  F.  Cornell  Collection;  JFL,  J. 
F.  Lawrence  Collection;  JS,  Joe  Schuh  Col- 
lection; KU,  LIniversity  of  Kansas;  MCZ, 
Museum  of  Comparative  Zoology;  MNHN, 
Museum  National  d  Histoire  Naturelle, 
Paris;  PURD,  Purdue  University;  UAL, 
University  of  Alberta;  UAZ,  University  of 
Arizona;  UCD,  University  of  California, 
Davis;  CIS,  California  Insect  Survey; 
USNM,  United  States  National  Museum; 
UW,  University  of  Washington. 

Host  data.  The  host  fungi  are  listed  ac- 
cording to  the  apparent  order  of  preference. 
For  each  fungus  species,  the  total  number 
of  records  is  given,  and  this  is  followed  by 
the  ninnber  of  apparent  breeding  records 
( in  parentheses ) .  For  the  purposes  of  this 
study,  a  breeding  record  is  any  collection 
with  10  or  more  adults  or  1  or  more  tenerals 
or  immatures.  Only  those  collections  in 
which  the  fungus  was  determined  by  a 
known  specialist  (my  own  records  and  those 
of  R.  C.  Graves  and  II.  S.  Dybas)  are  in- 
cluded as  breeding  records.  The  nomencla- 
ture follows  that  of  Overholts  ( 1953 ) ,  Lowe 
( 1957,  1966 ) ,  and  Lowe  and  Gilbertson 
( 1961a,  1961b),  but  the  generic  placements 
are  those  of  the  latter  two  authors.  Records 
were  obtained  by  collecting  specimens  in 
the  field  or  rearing  them  in  the  laboratory. 
Identifications  were  made  by  several  spe- 
cialists mentioned  above  in  the  acknowledg- 
ments. Further  information  on  the  host 
fungi  is  contained  in  the  section  on  North 
American  Ceracis. 

GENERIC  TREATMENT 

Subfamily  CIINAE  Leach 
Genus  CERACIS  Mellie 

Ennearthron  (Ceracis)  Mellie,  1848:  375.  Type 
species,  by  present  designation,  Enncartliron 
(Ceracis)  sallei  Mellie,  1848:   377. 
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Cemcis  Mellie;  Lacordaire,  1857:  553;  Jacquelin 
Du\^al,  1857:  246;  Reitter,  1878:  37;  Gorham, 
1883:  223  (in  part);  Gorham,  1886:  359;  Horn, 
1894:  391;  Gorham,  1898:  332  (in  part);  Casey, 
1898:  90;  Bhitchlev,  1910:  900;  Dalhi  Torre, 
1911:  25;  Pic,  1916a:  20;  Dury,  1917:  27; 
Lesne,  1917:  192;  Leng,  1920:  247;  Pic,  1922: 
2-3;  Zimmerman,  1942:  51;  Blackwelder,  1945: 
549;  Arnett,  1962:   829. 

Cerasis  Demarest,  I860:  261.  Incorrect  subse- 
quent spelHng. 

Ceratocis  Gemminger  and  Harold,  1869:  1800. 
Unjustified   emendation. 

Bostrichus,  —  Bosc,  1791:   6;  Bosc,   1792:    259. 

Cis,  —  Ziegler,  1845:  270;  MeUie,  1848:  236  (in 
part);   Bkir,   1935:    295   (in  part). 

Emieartlmm,  —  Mehie,  1847:  110  (in  part);  Mel- 
he,  1848:  360  (in  part);  Jacquelin  DuVal,  1857: 
245  (in  part);  Lacordaire,  1857:  552  (in  part); 
LeConte,  1867:  58;  Gemminger  and  Harold, 
1869:  1799  (in  part);  Abeille  de  Perrin,  1874: 
80  (in  part);  Reitter,  1878:  36;  Ca.sey,  1884: 
36;  Casey,  1898:  87;  Reitter,  1902:  59  (in 
part);  Fauvel,  1904:  163;  Blatchley,  1910: 
900;  Dalla  Torre,  1911:  23  (in  part);  Pic, 
1916a:  19  (in  part):  Dury,  1917:  22  (in  part); 
Leng,  1920:  247  (in  part);  Brethes,  1922:  303; 
.Scott,  1926:  35  (in  part);  Pic,  1939:  18;  Black- 
welder,  1945:  .549  (in  part);  Miyatake,  19.54: 
55  (in  part);  Arnett,  1962:  829  (in  part); 
Hatch,  1962:   234. 

Octotciunus,  —  Tanner,  1934:    47. 

Scolijtuci.s,  —  Blair,  1944:    126. 

Xestocis    (in    part),    —    Dury,    1917:    15;    Leng, 
1920:    247;  Arnett,    1962:    829. 

XyloiJ,r(ij)hus,  —  Clorham,   1886:   355   (in  p;trt). 

Dkiii.nosis.  Tlii.s  genii.s  may  he  di.stiii- 
gui.shed  from  otlicr  membcr.s  of  ihv  (^iiiiae 
l>y  the  oval  to  elongate  and  eylindrieal  body 
form,  the  narrow  latiral  pronotal  margin 
and  obtn.se  or  rounded  anterior  pronotal 
angle.s  (Fig.  1  ),  the  eoneave  pro.sternum 
and  laminate  pro.sternal  intereoxal  proee.ss 
(Figs.  2-3),  the  apiealK  expanded  protibia, 
whieh  bears  several  spines  along  the  outer 
apieal  angle  (Fig.  4),  the  strongh'  eonvex 
metastenium  with  the  suture  short  or  absent 
(Fig.  5),  the  \'estiture  eonsisting  of  very 
short  and  line  hairs,  and  (he  lorm  ol  the 
aedeagus  (  Figs.  9-10). 

Dcscri))li<>n.  Si/.e  relali\el\'  small,  TL 
ranging  from  about  O.SO  to  2.20  mm.  Form 
oblong  and  suboxal  to  elongate  and  eylin- 
drieal, strongK'  e()n\('.\.  W'stiture  eonsisting 
ol  \cr\'  short  and   line,  snbereet  or  deeum- 


bent  hairs.    Head  strtmgly  deelined,  partl\- 
to  almost  completely  concealed  from  above 
by  pronotum;  vertex  flat  or  impressed,  often 
with  a  median  tubercle  or  boss  and  occa- 
sionally with  an  erect  horn;  frontoclypeal 
ridge   in   male   usually   produced   and   ele- 
\'ated,    forming    a    lamina    which    may    be 
truncate    or   emarginate,    the    apex   of   the 
lamina  often  with  2  lateral  pilose  patches, 
occasionally  forming  1  or  2  distinct  tuber- 
cles   or    horns;    genal    ridge    weakly    ele- 
vated and  subcarinate,  forming  a  shallow 
antennal  fossa  between  it  and  the  eye.   An- 
tennae 8-  to   10-segmented,   with   a  large, 
loose,  3-segmented  club,  each  club  segment 
bearing    4    sensory    pores;    maxilla    with 
mediostipes    subtriangular,    lacinia    subter- 
minal,  subequal  to  galea,  which  is  terminal, 
short  and  broad,  terminal  segment  of  maxil- 
lary palp  usually  narrow  and  elongate;  pre- 
mentum  somewhat  elongate,  terminal  seg- 
ment of  labial  palp  shorter  and  narrower 
than  penultimate  segment.   Pronotum  trans- 
verse    to     elongate,     narrowly     margined 
laterally   and   posteriorly,   the  lateral   mar- 
gins   not    visible    for    their    entire    lengths 
from  above,  anterior  angles  obtuse,  rounded 
or  subangulate,  not  produced  forward  ( Fig. 
1);    anterior    edge    in    male    rounded,    or 
produced,    forming    a    lamina    or    1    or    2 
teeth  or  horns,  the  apex  of  each  horn  or  the 
ai:)ieolateral  angles  of  lamina  often  with  a 
pilose     patch     above.      Scutellum     usualh 
broadK'     triangular.      Elytra     longer    than 
broad,    the    sides    rounded    or    subparallel; 
punetation    single    or   dual,    the   punctures 
unilorm,  confused,  or  seriate.    Prosternum 
conca\c"    or   \er\-    slightK'    tumid    mesialK, 
always  conca\e  or  biconea\'e  in   cross-sec- 
tion, body  short(>r  than  intereoxal  process, 
which  is  laminate,  less  than  0.12  X  as  wide 
as   a   procoxal    cavity;    postcoxal    processes 
acute,  extending  mesad   for  about  0.80  of 
eoxal  w  idth,  lea\ing  narrowh"  open  behind 
the    procoxal    ca\ities,    which    are    about 
0.50  X  as  long  as  wide  (Figs.  2-3).  Protibia 
strongly  expanded  at  apex,  the  outer  ai)ieal 
angle    loiining    a    louiided    process,    which 
bears    se\cral    si)ines,    grading    into    setae 
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toward  tlu'  inner  angle  (Fig.  4).  Meta- 
sternum  strongly  convex;  suture  less  than 
0.50  X  as  long  as  median  length  of  sternum, 
usually  very  short  or  absent  ( Fig.  5  ) . 
Meso-  and  metatibiae  slightly  expanded 
and  spinulose  at  apices.  Abdomen  some- 
what shorter  than  wide  at  base,  strongly 
convex;  sternite  III  in  male  with  median, 
setigerous  pore,  which  may  be  circular 
(Fig.  6)  or  transversely  oval  (Fig.  7); 
sternite  VIII  in  male  short  and  broad,  base 
bisinuate,  apex  emarginate,  the  apical  an- 
gles rounded,  each  with  a  group  of  setae 
( Fig.  8 ) .  Tegmen  moderately  elongate, 
rounded  basally,  broadly  and  deeply  emar- 
ginate apically,  lightly  pigmented  basally 
and  laterally  ( Fig.  9 ) ;  median  lobe  sub- 
equal  in  length  to  tegmen,  narrow,  as  in 
Figure  10. 

Originally  included  species:  Enncar- 
f  I  iron  (Ceracis)  sallei  Mellie  (selected  as 
type  species  above),  E.  (C.)  casfaneipcnnis 
Mellie,  E.  (C.)  militaris  Mellie,  E.  (C.) 
furcifer  Mellie,  E.  (C.)  variabilis  Melhe. 

Presently  included  species.  As  it  is  here 
delimited,  the  genus  Ceracis  includes  a 
number  of  species  formerly  placed  in  En- 
nearfhron,  and  several  which  have  been 
removed  from  other  genera.  In  the  list  be- 
low, the  original  generic  placement  and 
literature  citation  are  given  for  each,  as  well 
as  the  type  locality  and  location  of  type 
material  where  possible.  Brief  synonymies 
are  given  for  all  those  species  not  treated 
later  in  the  section  on  the  North  American 
fauna. 

Enncarthron  hicomis  Mellie,  1848:   374.    "Perou." 

Melly  Coll.,  GEN. 
Ennearthron  califomicum  Casey,  1884:   36. 
Enncarthron      (Ceracis)      casfaneipcnnis      Mellie, 
1848:   376.    "Cuba."    xMarseul  Coll.,  MNHN. 
Cis  nitiduhis  Mellie,  1848:    334.     "Lombardie." 

Marseul  Coll.,  MNHN. 
Ceracis  ater  Pic,   1922:   2.    "Guadeloupe."    Pic 

Coll.,  MNHN.    NEW  SYNONYMY. 
Ceracw  ru/jpes  Pic,  1922:   2.   "Guadeloupe."   Pic 
Coll.,  MNHN.    NEW  SYNONYMY. 
Enncarthron  corniferum  Mellie,  1848:   371.    "Bre- 

sil."   Marseul  Coll.,  MNHN. 
Ennearthron  cucuUatinn  Mellie,  1848:   372.    "Cay- 
enne."   Pic  Coll.,   (Chevrolat  Coll.),  MNHN. 


Ennearthron  tuhellifcrum  Mellie,  1848:  373. 
"Cap  de  Bonne  Esperance."  Marseul  Coll., 
MNHN.  NEW  SYNONYMY. 
Enncarthron  hiUuncUatuni  Pic,  1916a:  20. 
"Madagascar."  Pic  Coll.,  MNHN.  NEW  SYN- 
ONYMY. 
Enncarthron  lamellatum  Pic,  1939:  8.  "Bresil." 
Pic  Coll.,  MNHN.   NEW  SYNONYMY. 

Ennearthron  curtum  Mellie,  1848:   367. 

Enncarthron  cijlindricum  Brethes,  1922:  .303. 
"General  Urquiza."  [Argentina].  Location  of 
t>pe  iniknown. 

Octotcniniis  dixiensis  Tanner,    1934:   47. 

Scoltyocis  evansi  Blair,  1944:  126.  "Fiji:  Tave- 
uni."    BMNH. 

Bostriclnts  f meatus  Bos(j,  ITtll:  6.  "Jamaica."  Lo- 
cation of  type  unknown. 

Ennearthron  (Ceracis)  furcifer  Mellie,  1848:    379. 
"Cayenne."    Melly  Coll.,  GEN. 
Ceracis  seniipallidus  Fiv,  1922:   3.  "Guadeloupe." 
Pic  Coll.,  MNHN.    NEW  SYNONYMY. 

Cis  furcicoUis  Blair,  193.5:  29.5.  "Hiva  Oa:  Kopa- 
afaa."    [Marquesas].    BBM. 

Ennearthron  hastiferum  Mellie,  1848:  .370.  "Co- 
lombie."    Melly  Coll.,  GEN. 

Ennearthron  japonuni  Reitter,  1878:  36.  "Japan." 
Pic  Coll.    (Reitter  Coll.),  MNHN. 

XyIo<ira))}uis  hitirostris  Gorham,  1886:  355.  "Gua- 
temala. .  .  .Zapote."  BMNH. 

Ennearthron  (Ceracis)  militaris  Mellie,  1848:  378. 
"Me.\i(iue."    Marsuel  Coll.,   MNHN. 

Cis  minutissir)ius  Mellie,  1848:   334. 

Ceracis  nnntita  Dury,  1917:  25. 

Ceracis  nionocerus,  NEW  NAME   (See  below). 

Enneartliron   midtipunetatum    Mellie,    1848:   368. 

Ennearthron  nigricans  Fauvel,  1904:  163.  "Nou- 
mea." [New  Caledonia].    Fauvel  Coll.,  BRUS. 

Ceracis  nigrojiunctatus,  NEW  SPECIES  (See 
below ) . 

Ceracis  ohrieni,  NEW  SPECIES    (See  below). 

Ceracis  palaceps  Zimmerman,  1942:  51.  "Guam." 
USNM. 

Ceracis  powelli,  NEW  SPECIES  (See  below). 

Ennearthron  puUulum  Casey,  1898:  90. 

Ceracis  punctulata  Casey,  1898:   90. 

Ceracis  punctulatus  rubricuhis,  NEW  SUBSPE- 
CIES (See  below). 

Ceracis  cpiadricornis  Gorham,  1886:   359. 

Ceracis  quadridentatus  Pic,  1922:  3.  "Guade- 
loupe."   Pic  Coll.,  MNHN. 

Ceracis  ruficornis  Pic,  1916a:  20.  "Bresil."  Pic 
Coll.,  MNHN. 

Ennearthron    (Ceracis)    sallei    Mellie,    1848:   377. 

Ceracis  schaefferi  Dury,  1917:   25. 

Ennearthron  shikokuense  Miyatake,  1954:  .56. 
"Omogokei,  lyo."  [Shikoku,  Japan].  Matsu- 
yama  Agric.  College,  Japan. 

Ennearthron  simplicicorne  Pic,  1916a:  19.  "Bue- 
nos-Ayres."    Pic  Coll.,   MNHN. 
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Ceracis  similis  Horn,  1894:   391.   "Coral  de  Piedra, 

Sierra  el  Taste."    [Baja  California].    CAS. 
Xestocis  aingularis  Dury,   1917:    15. 
Ennearthron  ffn/ri/Zf/.v  jaecjuelin  DuVal,  1857:    245. 

"Cuba."    Guerin-Meneville  Coll.,   BRUS. 
Ceracis  bison  Reitter,  1878:   37.  "Cuba."    Ober- 

thur  Coll.,  MNHN.    NEW  SYNONYMY. 
C;.y  //lurat/tvn-fii.s  Ziegler,  1845:   270. 
Ceracis  unicornis  Gorhani,    1898:   332.    "St.   \'ni- 

ccnt."    [West  Indies].    BMNH. 
Ennearthron  (Ceracis)  variahilis  Mellie,  1848:   380. 

"Cuba."     Pie  Coll.  (Chexiolat  Coll.),  MNHN. 

Five  otlier  .species  de.scribed  in  thi.s  genu.s 
have  been  or  are  here  removed.    Ceracis 
compressicomis  Faimiaire  was  placed  in  the 
genus  Cis  by  Lesne  (1917);  it  belongs  to  a 
group   of   Indo-Pacific   species,   which    are 
short  and  broad,  and  have  a  carinate  pro- 
sternum,  expanded  (but  not  spinose )   pro- 
tibial  ape.x,  and  2  long,  frontoclypeal  horns 
in    the    male.     Ceracis    tricornis    Gorham 
(1883:  224)    and   Ceracis  sumatrcnsis  Pic 
(1916b:    6)   both  should  be  placed  in  the 
genus  C'/.v.   The  two  species  have  a  carinate 
prosternum,  10-segmented  antennae,  and  a 
dentate  protibial  apex,  and  they  would  be 
placed  within  the  genus  Eridaulus,  as  de- 
liuiitcd  by  me  in  a  recent  publication  (  Law- 
rence, 1965:   282).    A  further  .study  of  this 
group,  however,  has  raised  some  doubt  in 
my  mind  as  to  the  distinctness  and  homo- 
geneity of  Eridaidus.    Ceracis  tric(>r)iis  be- 
longs to  tlic  Xe.stocis  miles  complex,  while 
C.  sumatrcnsis  is  related   to  C'/.v  pacificus 
and  its  allies;  these  two  species  groups  are 
distinct  from  the  Cis  uilidiis  group  (Erida- 
ulus)    and    all    three    probably    should    be 
included    within    the    genus    Cis.     Ceracis 
hifiirciis  Clorham  (1898:   332)  and  Ceracis 
laticortiis  VW  (1922:   3)  lia\-c  lO-scgmcntcd 
antennae,  carinate  prosternum,  and  a  pro- 
tibia  whicli  is  serrate  along  the  outer  edge, 
while  Ceracis  partictdaris  Pic  ( 1922:   3)  has 
8-segmentcd  antennae,  a  broad   prosternal 
intercoxal    jMocess,    and    roundc^d    jirotibial 
apex;  these  three  species  cannot  be  [)laced 
in  any  existing  genus. 

Eitptiol ()<!,{/.  Keras,  C.v..  lioin  '  kis,  kios, 
Gr.,  woodboring  worm  or  \\e(\il;  luascu- 
linc. 


Distribution.  Widespread  and  common 
in  the  New  World,  from  southern  Canada 
to  Argentina,  with  34  described  species. 
Also  known  from  South  Africa,  Madagascar 
and  vicinity  (1  species),  Japan  (2  species), 
Micronesia  (1  species),  Polynesia  (2  spe- 
cies), and  New  Caledonia  (1  species). 
Only  one  introduced  species  (C.  cucuUatus) 
known  in  the  European  fauna.  A  large 
number  of  Neotropical  species  and  several 
Indo-Pacific  species  remain  to  be  described. 

Host  raniic.  Since  little  or  nothing  is 
known  about  the  biology  of  many  species,  it 
is  difficult  to  generalize  about  host  range 
at  the  generic  level.  A  few  general  remarks 
can  be  made  at  this  point  and  a  more  de- 
tailed discussion  of  host  preferences  will  be 
included  in  the  section  on  North  American 
species.  All  of  the  species  of  Ceracis  for 
which  biological  data  have  been  recorded 
occur  on  the  woody  fimgi  ( especially  Poly- 
poraceae),  in  contrast  to  the  members  of 
the  genus  Orthocis  and  a  number  of  Cis, 
which  are  associated  with  softer  fruiting 
bodies  or  mycelial  growth.  Since  the  genus 
is  primarily  a  tropical  one,  many  species 
have  been  collected  in  the  fruiting  bodies  of 
Ganoderma,  a  large  genus  of  polypores 
with  many  tropical  forms.  A  number  of 
New  World  species  occur  on  a  group  of 
fungi  which  have  reddish  or  brownish 
sporophores  {Vohiporus  g.dvus  group),  and 
in  North  America  these  are  practicalK  the 
only  species  which  utilize  these  hmgi. 
Members  of  the  Ceracis  furcifer  group  (  dis- 
cusschI  below )  appear  to  be  restricted  to 
F(>ly))orus  versicolor  and  its  relatives.  Some 
of  till'  species  of  Ceracis  occur  on  a  large 
number  of  different  iungi,  but  several 
others  appear  to  be  rathei-  host  specific. 

Discussion.  .Although  the  membcMS  ol 
the  genus  (.cracis  can  be  easil\-  distin- 
guished from  species  of  Cis  and  most  other 
(]iinae  b\'  the  conca\e  prostermun,  laminati' 
prosternal  process,  and  spinose  protibial 
apex,  there  are  several  othci  described 
genera  which  haxc  one  or  more  ol  these 
characters.  The  genera  Striii.(>cis  Duiy  and 
Sulc<U'is  DurN  have  a  similar  protibial  stiuc- 
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tare;  in  Sulcocis  the  prosternum  is  some- 
what concave  or  l)iconcave,  but  the  inter- 
coxal  process  is  broader,  while  in  Stri^ocis 
the  prosternum  is  strongly  tumid  and  cari- 
nate,  the  anterior  pronotal  angles  are  more 
pronounced,  and  the  elytral  suture  is  mar- 
gined posteriorly.  In  both  genera,  the  vesti- 
ture  consists  of  longer  hairs  or  stout  bristles, 
and  aedeagus  h  of  a  different  type.  FaJsocis 
Pic  and  NcocnucarfJiron  Miyatake  have  a 
similar  prosternum  with  the  intercoxal  pro- 
cess laminate,  but  both  have  a  different 
protibial  structure.  The  two  closely  related 
and  probably  synonymous  genera  Wflf^fl/c/.s 
Lohse  and  Odontocis  Nakane  and  Nobuchi 
resemble  Ccrocis  \\'ith  respect  to  the  pro- 
sternal  structure,  protibial  structure,  and 
type  of  vestiture,  but  in  both  genera  the 
anterior  angles  are  somewhat  produced  and 
the  aedeagus  is  of  a  different  type.  In 
Paraxestocis  Miyatake,  the  intercoxal  pro- 
cess is  laminate  and  the  protibia  is  spinose, 
but  the  prosternum  is  carinate  and  the  pro- 
tibial spines  extend  proximad  along  the 
outer  edge.  Malacocis  Gorham  is  also  char- 
acterized by  having  a  concave  prosternum, 
laminate  intercoxal  process  and  spinose 
protibial  apex,  but  the  members  of  this 
genus  are  very  short  and  broad,  with  a  very 
short  prosternum,  and  the  vestiture  consists 
of  short,  stout  bristles. 

Notes  on  species  and  species  groups. 
Although  the  main  body  of  this  paper  is 
devoted  to  the  North  American  representa- 
tives of  Ceracis,  the  following  section  has 
been  included  to  clarify  some  of  the  rela- 
tionships among  the  species  not  occurring 
north  of  Mexico  or  found  only  in  the  Old 
World.  Some  of  the  more  apparent  species 
synonymies  have  been  included  in  the  spe- 
cies list  above,  but  a  iew  other  names  will 
probably  be  placed  in  synonymy  when  a 
more  thorough  study  of  the  genus  is  under- 
taken. 

Ceracis  furcifer  group.  This  group  con- 
sists of  9  described  New  World  species, 
one  of  which  (C.  semipaUidus  Pic)  has  been 
synonymized  with  C.  furcifer.  All  of  the 
species  have  a  similar  body  form,  fine  and 


sparse  pronotal  and  elytral  punctation,  a 
rounded  or  shallowly  emarginate  pronotal 
apex  and  a  median  frontoclypeal  horn  in 
the  male.  Six  of  these  species — C.  cornifcr, 
C.  cylindricus,  C.  Juistifer,  C.  ynonocerus, 
C.  sinijdicicornis,  and  C.  unicornis — have 
9-segmented  antennae,  and  a  frontoclypeal 
horn  which  is  rounded,  truncate,  or  shal- 
lowly emarginate  at  the  apex.  The  other 
two  species — C.  furcifer  and  C  ruficornis — 
have  S-segmented  antennae  and  a  fronto- 
clypeal horn  which  is  deeply  incised  at  apex 
so  that  2  branches  are  formed.  The  species 
within  each  subgroup  differ  only  in  charac- 
ters of  color,  punctation,  and  horn  shape, 
and  most  of  them  are  allopatric  on  the  basis 
of  known  material.  These  described  forms 
may  well  be  races  of  2  polytypic  species, 
but  they  have  not  been  considered  as  such, 
either  because  the  type  has  not  been  exam- 
ined (C.  cylindricus)  or  because  sufficient 
series  are  not  yet  available. 

Ceracis  cucuUatus  group.  This  group 
consists  of  at  least  5  species — C.  cucuUatus, 
C.  hicornis,  C.  taheUifer,  C.  hikitneUatus, 
and  C.  lamellatus — the  last  3  of  which  have 
been  synonymized  with  C.  cucuUatus 
above.  The  North  American  C.  thoraci- 
cornis  may  also  be  included  in  this  group. 
The  species  are  moderately  long  and  nar- 
row, with  9-segmented  antennae,  fine  and 
sparse  pronotal  and  elytral  punctation,  and 
a  relatively  long  lamina  on  the  pronotal 
apex  of  the  male,  this  lamina  being  deeply 
emarginate  in  C.  bicornis  (and  in  C.  thorac- 
icornis)  so  that  2  narrow  horns  are  formed, 
but  very  shallowly  emarginate  in  C.  cucul- 
latus.  The  other  3  forms  were  described 
as  new  on  the  basis  of  size  and  development 
of  pronotal  characters  in  the  male,  both  of 
which  vary  within  any  one  population.  C 
cucuUatus  is  the  most  widespread  species  in 
the  family.  It  is  common  throughout  the 
Neotropical  region  from  central  Mexico  to 
southern  Brazil;  Scott  ( 1926 )  has  reported 
it  from  Grenada,  and  I  have  seen  a  large 
number  of  specimens  from  the  Galapagos 
Islands.  In  the  Old  World,  it  has  been 
recorded  from  France  (noted  as  an  intro- 
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duction),  South  Africa,  N.  W.  Rhodesia, 
Madagascar,  Reunion,  Mauritius,  the  Sey- 
chelles, and  Aldabra  (Abeille  de  Perrin, 
1874;  Lesne,  1917;  MeHie,  1848;  and  Scott, 
1926).  The  Old  World  specimens  do  not 
appear  to  be  specifically  distinct  from  the 
Neotropical  form,  and  the  present  range  in 
southern  Africa  and  the  Malagasy  region 
is  probably  the  result  of  a  recent  ex- 
pansion following  an  early  introduction 
from  South  America.  C.  hicornis  is  also 
widespread  in  the  New  World  tropics,  and 
specimens  ha\e  been  seen  from  Mexico, 
CTuatemala,  Cocos  Islands,  Costa  Rica, 
Peru,  and  southern  Brazil. 

Ceracis  fuiratiis,  C.  variabilis,  C.  inili- 
faris,  and  C.  minutus.  These  4  names  apply 
to  very  small  species,  which  may  or  may  not 
be  related,  but  which  are  easily  confused 
and  have  been  erroneously  cited  in  the  lit- 
erature. C.  ftircatas  (Bosc)  is  known  only 
from  a  short  description  and  a  figure  ( Bosc, 
1792:  259,  pi.  38,  A-C);  Lesne  (1917) 
placed  it  in  the  genus  Ceracis-  on  the  basis 
of  the  illustration.  The  diverging  pronotal 
horns  are  \ery  similar  to  those  in  Mellie  s 
figure  of  C.  tnilitaris,  but  the  type  specimen 
of  C'.  militaris  does  not  look  like  the 
same  species.  Ciorham  ( 1883 )  synonymized 
C.  fiircifcr  (discussed  above)  with  C.  mili- 
taris, on  the  basis  of  misid(Mitified  sp(^cimens 
in  the  Salle  collection,  and  recorded  the 
species  from  several  localities  in  Mexico  and 
Guatemala.  In  1886,  he  noted  his  error  and 
referred  all  but  one  series  of  specimens  to  C. 
fiircifcr.  The  remaining  series  from  Vera- 
cruz was  identified  as  C.  militaris,  but  I 
ha\('  not  seen  the  specimens  to  \erify  this. 
In  1898,  Oorhain  referred  a  series  from  St. 
Vincent  to  militaris  as  well.  (.'.  variabilis 
was  described  by  Nhllie  on  the  basis  of 
Cul)an  specimens  with  2  \c'r\  weak  tu- 
bercles on  the  pronotal  apex  of  the  male. 
After  examining  the  collections  in  I'aris,  1 
could  find  only  a  single  female  which  nia\ 
ha\('  conic  Ironi  tlic  tyj'X'  series  of  McIlie; 
in  general  form  and  pnnetation,  this  sjieei- 
nien  ai)pears  to  be  conspecilic  w  ith  a  series 
IroMi    .Antigua,    Puerto   Rico,   Cuba,    Mont- 


serrat.  and  the  \'irgin  Islands,  the  larger 
males  of  which  ha\e  horns  resembling 
Bosc's  illustration  of  C.  furcatus.  1  think 
that  C.  variabilis  is  probably  synonymous 
with  the  Jamaican  C.  furcatus  and  with 
Gorham's  "militaris'  from  St.  Vincent,  and 
that  C.  militaris  from  Mexico  is  a  dis- 
tinct species.  C.  minutus,  from  North  Amer- 
ica and  the  ^^Vst  Indies,  is  probably  related 
to  this  group,  but  it  appears  to  be  a  distinct 
species.  Further  collecting  in  Mexico  will 
be  necessary  to  clarify  the  status  of  C.  aiili- 
faris. 

"Xylo^raphus"  latirostris.  This  species 
was  descrilx'd  from  a  pair  of  specimens 
from  Zapote,  Guatemala.  The  male  holo- 
type  has  10-segmented  antennae  and  a 
rather  stocky  appearance  like  that  of  Xylo- 
<l,ra})hus,  but  several  characters  exclude  it 
from  that  genus.  The  procoxae,  intercoxal 
process,  and  protibial  apex  are  of  the  Cer- 
acis type,  and  I  think  the  species  should  be 
placed  provisionally  in  this  geiuis.  The 
"female"  paratype  is  actualK'  a  male  of  an 
entirely  different  species,  and  it  belongs  in 
a  genus  which  is  not  yet  described. 

Miscellaneous  Neotropical  species.  Cer- 
acis casfancipcnnis  is  widespread  in  the 
West  Indies  but  does  not  extend  into  the 
United  States.  It  is  probably  related  to  C. 
curt  us  and  is  further  mentioned  in  the  dis- 
cussion of  the  latter  species.  Ceracis  (juad- 
ridenfatus  is  known  from  only  2  specimens 
collected  on  Guadeloupe.  It  is  apparently 
a  distinct  species,  but  sufficient  notes  were 
not  taken  on  the  t\pe  to  relate  it  to  other 
Neotropical  Ceracis.  Eiiuearthron  taurulus 
from  (>nl)a  is  a  short  and  bioad  species  with 
2  long  frontocKpeal  horns  in  the  male;  it 
does  not  appear  to  be  closely  related  to  any 
other  Ceracis. 

Indo-Paeific  Cenwis.  Enucarthrcii  ja- 
p(>)Uim  and  E.  shikokucnse  are  two  closeK 
related  spcvies  from  Jajian;  both  are  elon- 
gate and  lia\('  9-segmented  antennae.  \'\\v 
two  species  ma\'  form  part  of  the  Ceracis 
cuctillatus  group.  C.  (urciccllis  was  placed 
I)\    Blair  in  the  uenus  Ci\  l)ecaiise  of  the  10- 
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segmented  antennae;  it  definitely  belongs 
in  Ceracis  and  closely  resembles  C.  sin<i,ii- 
Jaiis  in  the  form  of  tlie  pronotal  horns. 
Scoh/tocis  evansi  is  a  peculiar  species  with  a 
single  horn  on  the  pronotiim  and  another 
erect  horn  on  the  vertex  in  the  male;  Blair 
described  this  species  at  a  time  when  the 
type  of  Scolytocis  samocnsis  was  not  avail- 
able for  comparison.  S.  samoensis  is  the  only 
described  species  in  that  genus,  which  is 
related  to  Xijlo'^mphus.  Ceracis  paJaceps 
from  Micronesia  and  Ennctnihron  nif^rican.s 
from  New  Caledonia  are  both  distinct 
species  of  Ceracis  which  are  probably  not 
closely  related  to  any  other  known  form. 

THE   NORTH   AMERICAN  SPECIES 
OF  CERACIS 

Ceracis  is  the  second  largest  genus  of 
Ciidae  occurring  in  the  New  ^^^orld,  con- 
sisting of  35  described  forms  distributed 
from  southern  Canada  to  Argentina.  In 
North  America,  there  are  18  species,  4  of 
\\'hich  are  here  described  as  new.  In  the 
present  treatment,  species  which  occur  in 
Mexico  but  do  not  extend  into  the  United 
States  are  excluded.  The  present  revision 
must  be  considered  as  a  preliminaiy  one, 
since  there  are  several  undescribed  species 
in  the  southeastern  United  States,  for  which 
adequate  series  are  not  yet  available. 

Ori<i,in  and  distribution.  The  North 
American  species  of  Ceracis  appear  to  be 
entirely  Neotropical  in  origin.  With  the  ex- 
ception of  two  species  in  southern  Japan, 
there  are  no  Ceracis  in  the  Palaearctic 
region  and  the  several  Indo-Pacific  species 
do  not  appear  to  be  closely  related  to  any  of 
the  New  World  forms.  The  group  may  have 
originally  developed  in  the  Old  World, 
however,  since  several  related  genera  (Wa- 
gaicis,  Odontocis,  Neoennearthron,  and 
Paraxestocis)  occur  there.  The  genus  is  a 
dominant  group  in  the  New  World  and  in- 
cludes some  of  the  commonest  species  in 
the  North  American  fauna. 

The  species  of  Ceracis  occurring  in  the 
United  States  and  Canada  may  be  placed  in 


4  groups  on  the  basis  of  distributional  pat- 
terns: 

1)  Northern  Group.  These  species  are 
fairly  widely  distributed  throughout  the 
eastern  part  of  the  continent  and  usually 
extend  into  the  northern  United  States  and 
southern  Canada.  With  2  exceptions  (a 
single  record  each  of  C.  singulciris  from 
Costa  Rica  and  C.  punctulatiis  from  western 
Cuba)  none  of  the  species  extend  south  of 
the  United  States.  Included  species:  C. 
minutissimits,  C.  puncfidatiis,  C.  sallei,  C. 
singidaris,  C.  thorocicornis. 

2)  Western  Mexican  Group.  These  spe- 
cies occur  in  western  Mexico  and  the  south- 
western United  States,  with  one  of  them, 
C.  caJifornicus,  extending  north  along  the 
Pacific  Coast.  Included  species:  C.  calif or- 
nicus,  C.  dixiensis,  C.  obrieni,  C.  powcUi. 

3)  Eastern  Mexican  Group.  The  three 
species  in  this  group  occur  along  the  Gulf 
Coast  and  extend  into  eastern  Mexico  and 
Central  America.  Included  species:  C.  ni- 
gropiinctatits,  C.  quadricornis^  C.  schaefferi. 

4)  West  Indian  Group.  Members  of 
this  group  occur  in  the  Gulf  Coast  area  and 
the  Southern  Coastal  Plain,  but  are  most 
common  in  Florida  and  the  Greater  Antil- 
les. Included  species:  C.  curttis,  C.  minu- 
tiis,  C.  munocerus,  C.  midtipunctotus,  C. 
pidhdus. 

It  is  probable  that  the  species  in  the  first 
group  include  most  of  the  older  elements  in 
the  North  American  fauna,  while  those  in 
the  last  three  groups,  with  the  possible 
exception  of  C.  calif  or  nicus,  represent  more 
recent  southern  derivatives. 

Linsley  (1958),  in  his  analysis  of  North 
American  cerambycid  beetles,  recognized 
five  major  faunas  and  one  subfauna.  The 
Holarctic  and  Vancouveran  faunas  include 
younger  and  older  northern  elements  with 
Palaearctic  affinities  and  cannot  be  applied 
to  the  species  of  Ceracis.  The  Alleghenian 
fauna  consists  of  both  northern  and  south- 
ern elements,  which  have  entered  the  fauna 
early  enough  to  exist  as  endemics  in  North 
America.  The  5  species  in  group  1),  above, 
probably  correspond  to  the   southern  ele- 
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ments  of  Linsley's  Alleghenian,  and,  like 
the  cerambycids  in  this  fauna,  they  are  as- 
sociated with  the  eastern  lowland  hardwood 
forests.  The  Neotropical  fauna  consists  of 
relatively  recent  southern  elements  which 
occur  in  eastern  North  America  and  also  in 
the  \\est  Indies  or  Mexico;  the  species  in 
groups  3)  and  4),  above,  represent  elements 
of  this  fauna.  Group  2)  corresponds  with 
Linsley's  Sonoran  fauna  in  the  broad  sense, 
since  the  species  occur  both  in  the  South- 
west and  in  northern  Mexico.  Ceracis  dix- 
icns-is  and  probably  C.  ohrieni  are  typical 
members  of  the  Sonoran  fauna  and  inhabit 
the  Lower  Sonoran  Life  Zone,  but  C.  cali- 
fornicus  and  C.  powcUi  usually  occur  in  the 
Upper  Sonoran  and  Transition  zones.  The 
distribution  of  C.  calif(U'iiictis  is  more  sug- 
gestive of  the  Californian  subfauna,  which 
consists  of  older  southern  elements. 

Host  preference.  Although  it  may  seem 
inappropriate  to  include  a  discussion  of 
fungi  and  ecological  preferences  in  a  purely 
taxonomic  paper,  a  brief  treatment  is  in- 
cluded here  to  emphasize  the  role  of  host 
selection  in  the  evolution  of  the  Ciidae  and 
to  clarify  the  statements  on  host  specificity 
ill  the  species  discussions  to  follow.  A  more 
general  work  on  host  preference  in  the 
North  American  Ciidae  will  soon  be  ready 
for  publication,  so  that  future  taxonomic 
papers  will  not  be  similarly  burdened. 

Tlie  majority  of  species  of  Ciidae  live  the 
greater  part  of  their  lives  within  the  dead 
fruiting  bodies  of  various  wood-rotting 
fungi  (Basidiomycetes:  Pol\i)oraceae,  Ilyd- 
naceae,  Tiulephoraceae,  and  Agaricaceae  ). 
where  both  larvae  and  adults  feed  on  sterile 
hyphal  tissue.  This  t\pe  of  habitat  differs 
from  that  formed  by  the  ground-inhabiting 
fungi  ( Boletaceae  and  most  Agaricact^ae ) 
in  that  the  sul^strate  is  tougher  and  more 
dnrable,  allowing  the  insects  (o  e()ini)lete 
their  de\'elopment  within  a  single  fruiting 
bod\-  and  at  the  same  (iiiic  necessitating  the 
development  of  boring  adaptations  similar 
to  those  evoked  in  \arions  gr(ui|),s  of  xy- 
lophagons  insects. 

It   has    lonu   been    snspeeted    that    m\-ee- 


tophagous  beetles  exhibit  a  preference  for 
one  or  more  fungus  species,  and  early  work- 
ers, such  as  Weiss  and  West  (1920,'  1921), 
and  Donisthorpe  (1935),  published  lists  of 
known  host  associations  and  emphasized  the 
value  of  correct  fungus  identifications.  In 
recent  years,  several  papers  have  been  pub- 
lished on  the  food  habits  of  fungus  beetles 
( Benick,  1952;  Graves,  I960;  Rehfous,  1955; 
Scheerpeltz  and  Hofler,  1948 ) ,  but  the  first 
worker  to  clearly  demonstrate  the  existence 
of  host  preference  patterns  in  the  Ciidae 
was  Pax'iour-Smith  ( 1960),  in  a  study  based 
on  10  ciid  species  occurring  in  southern 
England.  Intensive  field  studies  in  Wytham 
Woods,  near  Oxford,  England,  and  a  critical 
compilation  of  previous  host  records  for 
that  general  area  revealed  that  the  fungi 
could  be  placed  into  two  distinct  groups, 
each  with  a  characteristic  fauna  of  ciid 
beetles.  The  first  group  includes  Fohjporus 
versicolor,  P.  hirsutiis,  Lcnzites  hctulina, 
and  Tramctcs  ,g//;/;o.sr/,  all  of  which  ha\'e  a 
complex  (trimitic)  liyphal  system,  while  the 
second  group  includes  a  somewhat  more 
diverse  assemblage  {Fohjporus  hctulinus, 
P.  adustus,  Ganodcrma  appknmtum,  Plcu- 
rottis-  sapidus,  and  others )  which  are  char- 
acterized by  having  a  simpler  ( monomitic 
or  dimitic)  hyphal  system.  The  beetles 
rarely  occurred  on  fungi  in  the  "wrong" 
group,  and  within  each  group  particular 
beetle  species  often  preferred  a  single  fun- 
gns,  which  was  termed  its  "headquarters." 
M\'  own  unpublished  data  on  the  North 
American  Ciidae  ttMid  to  snpi:)ort  the  exis- 
tence of  these  two  host  preference^  groups 
based  on  Inphal  structure,  as  well  as  two 
more  groups  including  fungi  which  were 
not  treated  in  Paviour-Smiths  studw  These 
will  b(^  mcMitioned  In-low  as  they  pt-rtain  to 
the  species  of  Ceracis. 

Ik'fore  continuing  with  tlie  snbjeet  of  host 
preference,  it  is  necessar\  to  make  a  lew 
rcMuarks  on  the  classification  of  the  wood- 
rotting  lungi.  At  the  present  time,  the  ge- 
neric limits  in  the  i'oK'poraceae  and  ii'Iated 
families  are  controx-ersial,  and  so  many  ge- 
neric names  haxc  been  proposed  that  some- 


Revision  of  Ceracis  •  Lawrence        103 


authorities,  including  Lowe  and  Gilbertson, 
have  utiHzed  the  older  Friesian  genera, 
which  are  admittedly  based  on  superficial 
morphological  characters  of  the  sporophore 
and  do  not  necessarily  reflect  current  ideas 
on  the  evolution  of  the  group.  A  clearer 
picture  of  the  phylogenetic  relationships 
among  these  fungi  is  gradually  emerging  as 
a  result  of  studies  on  the  microstructure  of 
the  fruiting  body  (Cunningham,  1947)  and 
the  characters  of  living  cultiues  ( Nobles, 
1958,  1965;  Lowe  and  Gilbertson,  personal 
communication ) . 

The  following  are  the  species  of  fungi 
from  which  various  Ceracis  have  been  re- 
corded: 

Boletaceae:  Boletus'  sp.  (the  only  ground- 
inhabiting  fungus;  a  single  record  of  C.  tlio- 
racicornis  is   almost   certainly   accidental). 

Agaricaceae:    Pleurotus  ostreatus  Jacq. 

Hydnaceae:  Steccherimim  ochraceum 
(Pers.)  S.F.Gray. 

Polyporaceae:  Ganoderma  applanatuni 
(Pers.  ex  Wallr. )  Pat.,  G.  hrownii  (Murr.) 
Gilb.,  G.  lobatum  (Schw.)  Atk.,  G.  lucidum 
(Leys,  ex  Fries)  Karst.,  G.  zonafum  Murr., 
G.  ciiiiisii  Murr.,  G.  oregonensc  Murr.,  G. 
tsiifiae  Murr.,  Ganoderma  spp.  (several  un- 
identified species ) . 

Fomes  rohiniae  (Murr.)  Sacc.  &  Sacc,  F. 
conehatus  (Pers.  ex  Fries)  Gill.,  F.  i<i,niarius 
(L.  ex  Fries)  Kickx,  F.  fomentarius  (L.  ex 
Fries )  Kickx,  F.  sclerodermeus  ( Lev. ) 
Cooke,  F.  eajanderi  Karst.,  F.  fraxinophilus 
(Peck)  Cooke,  F.  pinieola  (Swartz  ex  Fries) 
Cooke,  F.  annos-iis  (Fries)  Karst. 

Daedaleo  itnicolor  Bull,  ex  Fries,  D.  am- 
bi<i^ua  Berk. 

Lenzifes  betuJina  (L.  ex  Fries)  Fries,  L. 
striata  (Swartz  ex  Fries)  Fries,  L.  sacpiaria 
{\\\\\{.  ex  Fries)  Fries. 

Trametes  mollis  (Sommerf. )  Fries,  T. 
hispida  Bagl.,  T.  cornigata  (Pers.)  Bres. 

Poria  versipora  (Pers.)  Rom.,  P.  nig,ra 
(Berk.)  Cooke. 

Poly  poms  sqiiamosus  Mich,  ex  Fries,  P. 
sanguineus  L.  ex  Fries,  P.  sulphureus  Bull, 
ex  Fries,  P.  adustus  W'illd.  ex  Fries,  P.  fu- 
mosus  Pers.  ex  Fries,  P.  supinus  Swartz  ex 


Fries,  P.  abietinus  Dicks,  ex  Fries,  P.  par- 
gamenus  Fries,  P.  sector  Ehrenb.  ex  Fries, 
P.  versicolor  L.  ex  Fries,  P.  maximus  (Mont.) 
Overh.,  P.  liirsutus  \\'ulf.  ex  Fries,  P.  occi- 
dentalis  Klotz.,  P.  spraguei  Berk.  &  Curt.,  P. 
iodinus  Mont.,  P.  gihus  (Schw.)  Fries,  P. 
licnoides  Mont.,  P.  radiatus  Sow.  ex  Fries, 
P.  Jiydnoides  Swartz  ex  Fries. 

The  genus  Ganoderma  is  a  natural  group- 
ing of  fairly  closely  related  forms,  but  many 
tropical  and  subtropical  species  are  very 
difficult  to  identify;  for  this  reason  records 
of  unidentified  Ganoderma  have  been  in- 
cluded in  the  host  data.  Some  authorities 
consider  G.  brownii  and  G.  zonatum  to  be 
varieties  of  G.  appJanatum  and  G.  lucidum 
respectively.  All  of  the  other  genera  appear 
to  be  heterogeneous  assemblages,  and  rec- 
ords from  ^Tolyporus  sp."  or  ^'Fomes  sp." 
have  been  disregarded.  Fomes  robiniae,  F. 
conehatus,  and  F.  igniarius  are  similar  in 
having  brownish  sporophores  (and  mycelial 
mats ) ,  and  Xobles  ( 1958 )  has  grouped 
them  together  with  brownish  species  of 
Polyporus,  such  as  P.  gilvus,  P.  iodinus,  and 
P.  licnoides.  Fomes  fomentarius  and  F. 
sclerodermeus  are  very  closely  related  spe- 
cies occurring  in  the  northern  and  southern 
states,  respectively.  Polyporus  versicolor, 
P.  hirsutus,  P.  occidentalis,  and  P.  maximus 
are  similar  in  having  relatively  thin,  whitish 
sporophores  with  a  trimitic  hyphal  system, 
and  on  the  basis  of  cultural  and  other  char- 
acters they  are  thought  to  be  related  to 
Lcnzites  betuUna,  Trametes  hispida,  and 
Daedalca  ambigua.  Polyporus  pargamcnus 
and  its  close  relatives  P.  sector  and  P.  abi- 
etinus are  also  thought  to  belong  to  the  P. 
versicolor  group,  but  they  appear  to  be  pre- 
ferred by  different  ciids. 

The  following  outline  of  host  preference 
groups  must  be  tentative,  since  it  involves 
only  the  17  species  of  North  American 
Ceracis,  but  it  is,  for  the  most  part,  sup- 
ported by  unpublished  data  for  over  100 
species  of  Nearctic  and  Neotropical  Ciidae. 

Pohjporus  versicolor  group.  This  is  es- 
sentially the  same  as  the  group  proposed 
by  Paviour-Smith  (1960)  with  the  addition 
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of  a  few  American  species.  The  only  two 
species  of  Ceracis  which  definitely  prefer 
this  group  of  fungi  are  C.  dixiensis,  which  is 
normally  found  on  Trameies  hispida,  and  C. 
quadricornis,  which  occurs  on  several  spe- 
cies, including  P.  occidentuUs  and  P.  hir- 
siifiis.  C.  thoracicornis  and  C.  californicus 
both  occur  regularly  on  fungi  in  this  group, 
but  both  are  rather  polyphagous  and  prob- 
ably have  their  "headquarters"  in  other 
groups  (see  below).  C.  monocenis  has 
been  taken  only  on  Pohjporm  san<:,uineiis. 
This  fungus  differs  from  P.  versicolor  and 
its  relatixes  in  the  shape  of  the  basidiospore 
and  the  bright  reddish  color  of  the  fruiting 
body,  but  it  would  fall  into  this  group  on 
the  basis  of  the  hyphal  system  (Cunning- 
ham, 1947)  and  host  records  for  several 
Neotropical  ciids. 

P()hjj)()nis  paiiidiHOius  group.  This  in- 
cludes P.  par<j^atn<'iui.s,  P.  (d)i('tiiuis,  P.  sec- 
tor, and  probably  Daedalea  unicolor,  all  of 
which  have  relatively  thin  sporophores  with 
whitish  ccmtext  and  violet  to  gray  or  brown- 
ish pore  surface.  The  3  Ceracis  which  seem 
to  prefer  these  fungi  are  C.  thoracicornis,  C. 
tniiiiitissiDuis,  and  C'.  poweUi.  Although  C. 
tli()r(icic()r)iis  occurs  on  a  wide  variety  of 
hosts,  it  shows  a  definite  preference  for  P. 
par'^amenus  and  is  a  common  and  charac- 
teristic inhabitant  of  the  other  species  as 
well.  C  powelli  has  been  taken  only  on  P. 
ubieiinns  and  P.  ]Hir'^amemts,  while  C.  nii- 
nutissimus  occurs  only  on  D.  iinicolor. 

P()h/))onis  ii,ilvus  group.  A  number  of 
fvmgi  with  brownish  or  reddish  brown  fruit- 
ing bodies  are  included  here.  Some  of  these 
are  Polyponis  fi^ilciis,  P.  licnoidcs,  Poria 
niiira.  Pomes  rohitiiae,  and  F.  i^niariits. 
The  4  species  definitely  pre  teiiing  fungi  in 
this  group  are  C'.  sin<i,ul(iris,  ('.  ohrieni,  C. 
})tiiiclulalus,  and  ('.  piithdiis.  Some  of  these 
beetles  also  breed  in  Polijporus  lujdnoides 
and  certain  (lanodenna,  w  Jiieli  haxc  brown- 
ish sporo|)li()res,  l)ut  which  are  usualK 
inhabited  by  a  dillerenl  group  of  beetles 
(see  below  ). 

(lanodcrnm  (ipphiiuihnn  gioup.  This 
corresponds  to  l'a\  iour-Sniitbs  second  host 


preference  group,  characterized  by  the 
dimitic  or  monomitic  hyphal  system,  and 
includes  most  of  the  remaining  fungi,  for 
which  there  are  adequate  host  records.  The 
beetles  included  are:  Ceracis  sallei,  C. 
schacfferi,  C.  minutus,  C.  muliipimciaius, 
C.  niiiropunctatus,  C.  curtus,  and  C.  califor- 
niciis.  C.  sallei  occurs  almost  exclusively  on 
Ganoderma  apphnatiim,  while  C.  niulti- 
punciatus  is  usually  found  on  G.  zonatum. 
C.  nioropunctatus  and  C.  cuiiiis  both  occur 
on  Fomes  sclerodermeus  and  Polyponis 
hydnoides.  C.  juiniitus  and  C.  schaefferi  are 
doubtfully  included  on  the  basis  of  a  single 
record  on  Ganoderma.  C.  californiciis  is 
another  species  with  a  wider  host  range,  but 
it  appears  to  prefer  the  species  of  Gano- 
derma as  well  as  Polyponis  adtisfus,  which 
also  falls  into  this  group. 

The  placing  of  fimgi  and  beetles  into 
distinct  groups  is  obxiously  an  o\ersimplifi- 
cation,  but  it  does  serve  to  bring  to  light 
certain  patterns  of  host  preference.  There 
are  probably  several  characteristics  of  the 
fungus  sporophore  which  are  involved  in 
host  selection,  two  of  these  being  chemical 
composition  ( as  reflected  in  the  color )  and 
texture  (which  is  probably  connected  with 
the  coiuplexity  of  the  hyphal  system).  Some 
beetle  species  will  be  less  host  specific  than 
others  and  may  occur  on  fungi  in  several 
groups.  A  satisfactory  analysis  of  host  pref- 
erence ph(Miomena  must  take  into  account 
several  other  factors,  such  as  the  condition 
of  fruiting  bodies  (wet  or  dr\-,  fresh  or  de- 
composed), host  range  and  relati\e  abun- 
dance ol  the  fungi,  geographic  distribution 
of  the  fungi  and  tlie  beetles,  and  the  pres- 
ence ol  closely  related  or  competing  beetle 
species  in  an\-  particular  area.  Some  of 
tliese  will  be  considered  in  the  discussions 
of  indi\idual  s|:)ecies. 

l^l-V      lO      III1-.     Sl'KCIKS     Ol-      C.'f/MC/s     ()((ri(IU\l.      IN 
IX    NoHIll    Amihk  A 

\1ai  IS 

1  )  .Apex  ol  pioiioluin  louiulcd  or  weakly 
ciiKiiyiiialc,  willioiit  distinct  luhciclc-s, 
lionis,  or  lamina  2) 
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—  Apex  of  proiiDtum  produced,   torming   a  9) 

lamina,  or  2  tubercles  or  horns  6) 

2)  Frontoclypeal  ridge  produced,  forming  a 

long  and  narrow,  median  horn;  pronotal 
and  clytral  punctation  very  fine  and 
sparse  C.  nioiioccriis,  new  name 

—  Frontoclypeal  ridge  simple,  or  forming  2 

rounded  plates  or  tubercles;  elytral 
punctation  much  coarser  and  denser 
than  pronotal   punctation   3)        iq\ 

3)  Abdominal  pore  transverse,   and  at  least  

0.50  X  as  long  as  body  of  sternite  III   _     4)        11 ) 

—  Abdominal   pore   circular,   and   less   than 

0.40  X  as  long  as  body  of  sternite  III  __     5) 

4)  Size    larger,    TL    more    than    1.40    mm; 

frontoclypeal  ridge  simple;  pronotal 
disc  strongly  declined  anteriorly,  the 
apex  rounded;  elytra  expanded  near 
apices  C.  obiicni,  n.  sp. 

—  Size  smaller,  TL  less  than  1.40  mm;  fron- 

toclypeal   ridge    forming    2    tubercles; 
pronotal  disc  only  weakly  declined  an- 
teriorly, the  apex  shallowly  emarginate;  \r, ) 
el>  tra  snbparallel  _..^  C.  clixiemis  (  Tanner ) 

5)  Body  longer  and  narrower,  EL/EW  more 

than  1.45;  EL  PL  more  than  1.85;  pro- 
notal apex  very  shallowly  emarginate;  

clytral  punctation  dual  and  confused; 
southern  Arizona  C.  powelli,  n.  sp. 

—  Body  shorter  and  broader,   EL  EW  less 

than  1.45;  EL/PL  less  than  1.85;  pro-  13) 

notal  apex  rounded;  elytral  punctation 

single  and  uniform;  Florida  — 

C.   multii^unctattis    (Mellie) 

6)  Elytral  punctation   distinctly  seriate;   an- 

tennae 9- or  10-segmented 7)        14) 

—  Elytral  punctation  not   distinctly  seriate; 

if  sidiseriate,  then  antennae  8-seg- 
mented 8 ) 

7 )  Antennae    10-segmented;    pronotal    apex 

bearing  2  horns,  each  with  a  distinct 
knob  above;  abdominal  pore  slightly 
transverse C.  sin<iul(iri.s  (  Dury  ) 

—  Antennae     9-segmented;     pronotal     apex 

witJi  2  flattened  horns;  abdominal  pore 
circular  C.  piilhihts  (Casey) 

8)  Elytral    punctation    single    and    unifonn, 

very  coarse  and  dense;  body  shorter  and 
broader,  EL  EW  less  than  1.35;  anten- 
nae  9-segmented   9) 

—  Elytral    punctation    distinctly    dual,    the 

punctures  usually  falling  into  2  size 
classes;  if  obscurely  dual,  then  EL/EW 
more  than  1.35  or  antennae  8-seg- 
monted 10 ) 


Size  larger,  TL  usually  more  than  1.50 
mm;  sides  of  elytra  somewhat  rounded; 
body  somewhat  shorter  and  broader; 
surfaces  of  pronotum  and  elytra  smooth 

C.  ctuiu.s  (Mellie) 

Size  smaller,  TL  usually  less  than  1.50 
nmi;  sides  of  elytra  snbparallel;  body 
somewhat  longer  and  narrower;  sur- 
faces of  pronotum  and  elytra  lightly 
granulate  C.  nigropitnctatus,  n.  sp. 

Antennae  9-segmented  11) 

Antennae   8-segmented   12) 

Apex  of  pronotum  with  a  deeply  emargi- 
nate lamina  or  2  flattened,  subtriangu- 
lar  horns;  elytral  punctation  coarser 
and  denser,  the  punctures  usually  sepa- 
rated by  less  than  0.75  diameter;  west- 
ern North  America  __  C.  californiciis  (Casey) 

Apex  of  pronotum  with  2  distinctly  tu- 
mid, narrow,  diverging  horns;  elytral 
punctation  finer  and  sparser,  the  punc- 
tures usually  separated  by  0.75  diame- 
ter or  more;  eastern  North  America 
C.  thoracicornis  (Ziegler) 

Body  longer  and  narrow  er,  TL  EW  more 
than   2.40;    apex   of   pronotum   with    2 

narrow,  diverging  bonis  

C.  quadricornis  Gorham 

Body  shorter  and  broader,  TL/EW  less 
than  2.40;  apex  of  pronotum  with  a 
short,  broad  lamina  or  2  flattened, 
subtriangular  horns  or  teeth  13) 

Elytral  punctation  much  coarser  and 
denser  than  pronotal  punctation   14) 

Elytral  punctation  as  fine  and  sparse  as 
or  finer  and  sparser  than  pronotal 
punctation  15 ) 

Size  larger,  TL  usually  more  than  1.30 
mm;  EL/PL  usually  less  than  1.60; 
pronotal  pimctation  somewhat  coarser 
and  denser,  the  punctures  usually  more 
than  0.10  X  as  large  as  scutellar  base 
and  separated  by  1.5  diameters  or  less; 
pronotal  apex  with  a  short,  broad,  ele- 
\ated   lamina;   color  usually  uniformly 

reddish,    southern    Texas   

C.   schaefferi  Dury 

Size  smaller,  TL  usually  less  than  1.30 
mm;  EL/PL  usually  more  than  1.60; 
pronotal  punctation  somewhat  finer 
and  sparser,  the  punctures  usually  less 
than  0.10  X  as  large  as  scutellar  base 
and  separated  by  more  than  1.5  diam- 
eters; pronotal  apex  with  2  approxi- 
mate, triangular  teeth;  color  blackish 
or  dark  brown,  with  pronotal  apex 
yellowish;  eastern  North  America  ..- 
C.   mintitis.sitnus   (Mellie) 
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17) 


15)  Size  smaller,  TL  less  than   1.5  mm;   ab- 

dominal pore  less  than  0.33  X  as  long 
as  body  of  sternite  III;  pronotal  apex 
with  2  subparallel  or  slightly  diverging, 
narrow   horns;   elytral   punctation   sub- 

j;^^,jiate  -  C.  minutu.'i  Dury 

Size  larger,  TL  more  than  1.5  mm;  ab- 
dominal pore  less  than  0.33  X  as  long 
as  body  of  sternite  III;  pronotal  apex 
with  a  deeply  emarginate  lamina,  giv- 
ing the  appearanee  of  2  broad,  sub- 
triangular  horns;  elytral  puiietation 
eonfused    16) 

16)  Pronotal  punctation  as  fine  and  sparse  as 

elytral  punctation,  the  punctures  usu- 
ally separated  by  1  diameter  or  more; 
abdominal     pore     slightly     transverse 

C.   .sallci   Mellie 

—  Pronotal     punctation     somewhat    coarser 

and  denser  than  elytral  punctation, 
the  punctures  usually  separated  by  less 
than  1  diameter;  abdominal  pore  circu- 
lar    _.. 

17)  Color  of  elytra  uniformly  blackish;  Flor- 

ida only      C.  jxiiictuldtus  )naictitlattis  Casey 

—  Elytra  reddish  posteriorK-;  eastern   North 

America       C.  jiinichihilus  iiihiiculus,  n.  ssp. 

Fkntalks 

1)  Kl>tral  i)unctation  chial  and  distinctly  se- 

riate, the  larger  puuttures  forming  rel- 
atively straight  rows;  antennae  9-  or 
10-segmented  _        2) 

—  Elytral   punctation  not  distinctly  seriate; 

if  subseriate,  then  anteuTiae  (S-seg- 
mented      3) 

2)  Antennae   lO-.segmentcd;   size  larger,  TL 

usually  more  than   1.47  mm 

C'.  .v//ig(//rtr/.s   (Dury) 

—  Antennae  9-segmented;  size  smaller,  TL 

usually  less  than  1.47  mm       

C.   i)ullulu.s    (Casey) 

3)  Elytral    punctation    single    and    uniform, 

very  coarse  and  dense;  antennae  9-seg- 
m<-nted;   EL  E\V   less   than    1.40  4) 

—  f'.l\li;il     piii](  lation    disliiictK     dual,    the 

piualures  tailing  into  2  size  classes;  if 
oliseiucK'  (hial,  iheti  antennae  8-seg- 
iiiiiitcd   or   lA.   I'M    niDK'   lli.iii    1.10  6) 

4)  Pronotal    punctation     liner    ;tnd    sparser, 

the  punctures  less  than  0.10  X  as  large 
as  scutellar  base  and  separated  by 
iiHire  ill. Ill  0.7.5  diameter;  pionotal  disc 
stroimK  declined  anteriorU .  its  surlace 
distinctly  granulate  and  dull,  in  con- 
trast to  the  smooth  and  sliin\  cKtral 
surface  ...    C.  tuiilti]niiut(itiis  (  Mellie) 


—  Pronotal   punctation   coarser  and   denser, 

the  punctures  more  tlian  0.10  X  as 
large  as  scutellar  base  and  separated  by 
less  than  0.75  diameter;  pronotal  disc 
not  or  weakb'  declined  anteriorly,  its 
surface  similar  in  texture  to  that  of  ely- 
tra         5 ) 

5)  Size  larger,   TL  usually  more   than    1.55 

mm;  sides  of  elytra  somewhat  n)unded; 
pronotum  shorter  and  broader,  PL  P\^' 
usually  less  than  0.88;  surfaces  of  pro- 
notum and   ehtra  smooth  

' C.  curtus-  (Mellie) 

—  Size  smaller,  TL  u.sually  less   than    1.55 

nnn;  sides  of  elytra  subparallel;  pro- 
notum longer  and  narrower,  PL  PW 
usualK  more  than  0.88;  surfaces  of  pro- 
notiiin  and  elytra  lightly  granulate  — - 
C.  nigropiinctatu.s,  n.  sp. 

6)  Antennae   9-segmented    7) 

—  Antennae   8-segmented   10) 

7 )  Elytral  punctation  finer  and  sparser,  the 

pimctures  separated  by  more  than  1 
diameter;  eastern  North  America  8) 

—  Elytral  punctation  coarser  and  denser,  the 

punctures  usually  separated  by  less 
than  1  diameter;  western  North  Amer- 
ica     --     9 ) 

8 )  Pronotal  punctation  very  fine  and  sparse, 

die  punctures  less  than  0.10  X  as  large 
as  scutellar  base  and  separated  by  1.5 
diameters  or  more;  pronotum  some- 
what shorter  and  broader,  PL  PW  usu- 
ally less  than  0.91;  metastt'rnal  suture 
more  than  0.20  X  as  long  as  median 
U'Ugth  of  metasternum;  pronotum  usu- 
ally lighter  in  color  than  e]\tra  

C.   riionoccnis,  new  name 

—  Pronotal   pimctation   coarser  and   denser, 

the  punctures  more  than  0.10  X  as 
large  as  scutellar  base  and  separated  by 
1.5  diameters  or  less;  jironotum  some- 
what longer  and  narrower,  PL/PW 
usualK  niori'  than  0.91;  metasterna! 
suture  less  than  0.25  X  as  long  as  me- 
dian length  of  metastermmi;  elytra  and 
liroiuitiini  iisn.dl)   similar  in  color 

C.  thoidciconiis   (  Ziegler  ) 

9)  I'lonotuni   distimtK    narrowed   anteriorly; 

EL/PL  more  than  1.85;  antennal  seg- 
ment  III  2.00  X  as  long  as  \\ 

C.  ixncclli,  n.  sp. 

—  I'lonotmn    not    distimtK    iiairowcd    anle- 

liorK  ;  l'!L  PI,  less  than  1.8.5;  antennal 
segment  111  3.00  X  as  long  as  l\ 

_ C  ((ilifonticii.s  (  Case>- ) 

10)    ET/PL  less   than    l.fiO   and   eKtral   punc- 
tation   much    coarser   and    cUnst'r   than 
pronotal     imnetation;     southern     Texas 
_ ..__  (.'.  scluuifcri  I)ur> 
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—  EL  PL  more  than    LfiO  or  ehtral   puiic- 

tation  not  coarser  and  denser  than  pro- 
notal  pnnetation  11) 

11)  Pronotal  disc  strongly  declined  anteriorly; 

chtra  distincth'  expanded  near  apices; 
southern  Arizona  C  o})iiciii,  n.  sp. 

—  Pronotal    disc    not    or    only    weakly    de- 

clined; elytra  not  expanded  near  ap- 
ices     12  ) 

12)  TL/EW   more   than    2.35;    elytral    punc- 

tures separated  liy  0.75  diameter  or 
more,  not  subconfluent  anteriorly; 
southern  Texas      .  C.  quadricornis  Gorham 

—  TL/EW  less  than  2.35  or  elytral  punc- 

tures separated  by  less  than  0.75  diam- 
eter and  becoming  subconfluent  ante- 


riorly 


13: 


13)  Elytral    pimctation    coarser    and    denser 

than  pronotal  punctation,  the  punc- 
tures becoming  subconfluent  ante- 
riorly       14 ) 

—  Ehtral     punctation     finer     and     .sparser 

than  or  as  fine  and  sparse  as  pronotal 
pimctation,  the  punctmes  not  subcon- 
fluent anteriorly  15) 

14)  Pronotum  somewhat  shorter  and  broader, 

PL  PW  usually  less  than  0.90;  antennal 
segment  III  1.50  X  as  long  as  IV;  east- 
ern North  America  

C.   minutissimus   (Mellie) 

—  Pronotum  somewhat  longer  and  narrower, 

PL/PW  usually  more  than  0.90;  anten- 
nal segment  III  2.00  X  as  long  as  IV; 

western  North  America  

C  dixiensis  (Tanner) 

15)  Size    smaller,    TL    less    than    1.10    mm; 

elytral  punctation  subseriate;   pronotal 
surface  lightly  granulate  and  shin\- 
C.   iui)iutti-s   Dury 

—  Size  larger,   TL   usually   more   than    1.10 

nun;  elytral  pimctation  confused;  pro- 
notal surface  distinctly  granulate  and 
dull    16 ) 

16)  Pronotal    punctation    about    as    fine    and 

sparse  as  elytral  pimctation,  the  punc- 
tures usually  separated  by  1  diameter 
or  more  C.  .sallci  Mellie 

—  Pronotal    punctation    coarser   and    denser 

than  elytral  punctation,  the  punctures 
usually  separated  by  less  than  1  diam- 
eter    17 ) 

17)  Elytra   uniformly  black;    Florida   

C.  punctidatus  ))iiiictuhitus  Casey 

—  Elytra  reddish  posteriorly;  eastern  North 

America   _  C.  punctnJatus  lulniciihis,  n.  ssp. 


Ceracis  californicus  (Casey),  NEW 
COMBINATION 
Fig.    15 

Ennearthron  califoniicmii  Casey,  1884:  36;  Casey, 
1898:  89;  Dury,  1917:  24;  Hatch,  1962:  234, 
pi.  48,  fig.  7.  Type  locality:  "California."  Holo- 
type,   i,  Casey  Coll.,  USNM. 

Ennccirthron  convergens  Casey,  1898:  89;  Dury, 
1917:  24.  Type  locality:  "California  (Los 
Angeles)."  Holotype,  S,  Casey  Coll.,  USNM. 
NEW  SYNONYMY. 

Ennearthron  discolor  Casey,  1898:  89;  Dury,  1917: 
24.  Type  locality:  "California  (Sonoma  Co.)." 
Holotvpe,  i  ,  Casey  Coll.,  USNM.  NEW  SYN- 
ONYMY. 

Ennearthron  ^rosMihnn  Casey,  1898:  89;  Dury, 
1917:  24.  Type  locality:  '"California  (south- 
ern)." Holotype,  c5  ,  Casey  Coll.,  USNM.  NEW 
SYNONYMY. 

Ennearthron  coloradcnsc  Dury,  1917:  22,  24. 
Type  locality:  "Grand  Lake,  Middle  Park, 
Colo."  Holotype,  <^  ,  Dury  Coll.,  CIN.  NEW 
SYNONYMY. 

Ennearthron  oregonus  Dury,  1917:  22,  24;  Hatch, 
1962:  235  (syn.).  Type  locality:  "Coi-\'allis, 
Oregon."    Holotype,   6  ,  Dury  Coll.     CIN. 

Plesiotypc.s.—  i  and  9 ,  CALIFORNIA: 
Alpine  Lake,  Marin  Co.,  Jan.  30,  1960,  Lot 
523  J.  F.  Lawrence,  ex  Ganoderma  brownii 
on  Umbelhdaria  californica  [MCZ]. 

Male.— Length  1.80  mm.  Body  2.57  X  as 
long  a.s  broad.  Head  and  apex  or  pronotum 
reddish,  remainder  of  pronotum  dark  red- 
dish brown;  greater  part  of  elytra  black- 
ish, posterior  third  reddish  mesially;  ventral 
surfaces  blackish;  legs  and  antennal  club 
yellowish  brown,  antennal  funicle  and  palpi 
yellowish.  Vertex  with  a  deep,  transverse 
impression,  preceded  by  a  median  eleva- 
tion; frontoclypeal  ridge  produced,  forming 
a  relatively  long,  slightly  concave  lamina, 
which  is  shallowly  emarginate  at  apex.  An- 
tennae 9-segmented;  segment  III  3  X  as  long 
as  IV.  Pronotum  1.07  X  as  long  as  broad, 
widest  at  anterior  third;  sides  sub-parallel; 
anterior  edge  produced,  forming  a  flat, 
slightly  elevated  lamina,  which  is  deeply 
emarginate,  giving  the  appearance  of  2 
slightly  divergent,  subtriangular  horns;  disc 
impressed  anteriorly  just  behind  lamina 
and  bearing  a  short,  transverse  carina  on 
each  side  of  it;  surface  distinctly  granulate; 
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punctures  about  0.16  x  as  large  as  scutellar 
base  and  separated  by  0.25  to  0.75  diameter. 
Elytra  1.53  X  as  long  as  broad  and  1.48  X 
as  long  as  pronotum;  sides  subparallel  for 
three-fourths  of  their  lengths  and  abruptly 
converging  near  apices;  puuctation  dual 
and  confused,  coarser  and  denser  than  pro- 
iiotal  puuctation,  the  punctures  usually  sep- 
arated by  0.25  diameter.  Metasternum 
0.59  X  long  as  wide;  suture  0.15  X  as  long 
as  median  length  of  sternite.  Abdomen 
0.94  X  as  long  as  wide  at  base;  sternite  III 
with  a  circular,  median,  setigerous  pore, 
\\  hich  is  0.23  X  as  long  as  body  of  sternite, 
distinctly  margined,  and  located  posterad 
of  center. 

Female. — Length  1.75  inm.  Body  2.41  X 
as  long  as  broad.  Vertex  slightly  convex; 
frontoclypcal  ridge  simple.  Pronotum  0.96  X 
as  long  as  broad;  anterior  edge  rounded. 
Elytra  1.55  x  as  long  as  broad  and  1.80  x 
as  long  as  pronotum.  Sternite  III  \\ithout 
a  setigerous  pore. 

Variation. — Color  of  pronotum  reddish 
orange  to  black,  usually  reddish  or  dark- 
reddish  brown  w  ith  the  apcw  reddish,  occa- 
sionally reddish  mesially  and  darker  later- 
ally; cKtra  N'cllowish  orange  to  black, 
usually  reddish  or  blackish  with  some  red- 
dish posteriorly.  Color  varies  considerably 
throughout  range,  and  four  major  patterns 
arc  common:  all  black,  all  red  or  reddish 
brown,  black  with  .some  reddish  ou  the  apex 
of  pronotum  and  jiosterior  part  of  cKtra, 
and  pronotnin  icddisli  w  ith  the  i-lytra  black- 
ish or  black  and  red.  Although  all  types 
may  be  found  within  a  single  population, 
reddish  specimens  are  more  common  in 
.southern  Ari/.cma,  while  those  from  the  Cali- 
fornia coast  lend  to  be  blackish.  Anterior 
edge  of  pronotum  in  siualler  uiales  is  weakly 
l-)roduced  and  shallowly  emarginate,  so  that 
2  small  tubercles  or  teeth  are  formed.  In 
larger  specimens  these  are  replaced  h\  a 
distinct  lamina,  which  ina\'  ha\c  converg- 
ing, parallel,  or  slightK'  dixcrging  sides  and 
which  is  emarginate  to  \ar\  iiig  degrees,  so 
that  2  (hstinct  teeth  or  lioins  are  formed. 
N'arialion  also  occurs  in  (he  angle  of  ele\a- 


tion  of  the  lamina  and  in  the  degree  to 
which  the  pronotum  is  impressed  behind  it. 
The  length  of  the  plate  varies  from  about 
0.10  to  0.25  X  the  total  length  of  the  pro- 
notum. The  size  and  density  of  pronotal 
punctures  and  the  granulation  of  the  pro- 
notal surface  also  exhibit  a  certain  amount 
of  variation.  On  the  whole,  northern  Cali- 
fornia specimens  tend  to  have  a  more  dis- 
tinctly granulate  and  dull  pronotum  with 
coarser  and  denser  punctures  than  do  indi- 
x'iduals  from  southern  Arizona.  Size  and 
dimensions  vary  as  follows  in  a  series  of 
14  i  6  and  13  9  9  from  Alpine  Lake, 
Marin  Co.,  California  (Lot  523):  TLmm 
S  1.44-1.80  (1.68  ±0.029),  9  1.34-1.73 
(1.57  +  0.032);  TL'EW  c^  2.33-2.61  (2.50 
±0.021),  9  2.31-2.56  (2.42  ±0.019);  PL 
PW  i  1.03-1.08  (1.05  ±0.005),  9  0.96- 
1.04  (1.00  ±0.008);  EL  EW  A  1.37-1.57 
(1.49±0.015),  9  1.48-1.61  (1.52  ±0.014); 
EL  PL  6  1.40-1.57  (1.48  ±  0.013),  9  1.59- 
1.80  (1.70  ±0.019).  Total  size  range  in 
material  examined:    1.20-2.06  mm. 

Distribution. — ^^'estern  North  America, 
from  Seattle,  \\  ashington,  east  to  western 
Nebraska,  south  along  the  Pacific  Coast  to 
southern  California  and  through  the  Great 
Basin  and  Rocky  Mountains  to  southern 
Arizona  and  New  Mexico;  extending  into 
Mexico  as  far  south  as  Baja  California  del 
Sur  and  southern  Sinaloa  (see  Fig.  29). 
About  1600  specimens  hax'c  been  examined 
from  the  h)llowing  localities:  UNITED 
STATES:  AHIZONA:  Carr  Canyon  (Ilua- 
chuca  Mts.),  15  mi.  E  Douglas,  Graham  Mt., 
Madera  Cainon  (Santa  Rita  Mts.),  Miller 
Canyon  (10  mi.  \\'  Hereford,  Huachuca 
Mts.),  1  mi.  N  Nogales,  3  mi.  S  Patagonia, 
4  mi.  NE  Patagoma,  Sabino  Canyon  (Santa 
(>atalina  XRs.),  San  Francisco  Peaks,  South- 
western Research  Station  (5  mi.  S\\'  Portal), 
Husthr  Park  (8  nn'.  W  Portal);  CALIFOR- 
.\1.\;  .\Ipin(>  Lake,  Alum  Hock  Park,  Atas- 
cadero,  Ben  Lomond,  Berki'le\ ,  Big  Sm-. 
9  mi.  \\  Hrookdale,  Calistoga,  Carmel, 
Carsou  Bidgc,  2  im'.  SW  Clu-w"s  Ridge, 
Claremout.  14  mi.  S  Clayton.  I  mi.  SI'] 
Cr\stal   Eake,  Cordc>lia,  Cow  Creek   (Stan- 
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islaiis  National  Forest ) ,  10  mi.  N  Descanso, 
Dorset  Camp  (Sequoia  National  Park), 
Escondido,  Fallbrook,  Fresno,  Glen  Ellen, 
6  mi.  SE  Gorda,  Green  Valley,  Kaweah, 
Korbel,  Lagunitas,  Lake  Lagunitas,  Long 
Beach,  Los  Gatos,  2  mi.  SE  Los  Gatos,  Los 
Angeles,  Macama  Creek,  Markwest  Springs, 
Mill  Valley,  1.5  mi.  N  Mt.  Laguna,  Mt. 
Tamalpais,  Mt.  Wilson,  Napa,  North  Holly- 
wood, Oakland,  Ojai,  Palo  Alto,  Pasadena, 
2  mi.  N  Piercy,  2  mi.  N  Placerville,  Red- 
wood Glen,  3  mi.  N.  Refugio  Beach,  S.  P. 
Taylor  State  Park,  San  Diego,  San  Dimas 
Canyon,  Santa  Barbara,  Santa  Cruz  Mts., 
Santa  Monica,  Siskiyou  Co.,  12  mi.  W 
Skagg's  Springs,  2  mi.  E  Sonora,  6  mi.  E 
Stewart's  Point,  Stockton,  2  mi.  E  Sveadal, 
Tavlorville,  Tilden  Park,  Twain,  Warner's, 
Wilmington;  COLORADO:  Denver,  Mid- 
dle Park,  Newcastle,  10  mi.  S  Steamboat 
Springs;  NEBRASKA:  15  mi.  \\  Sydney; 
NEVADA:  8  mi.  SE  Lamoille  (Ruby 
Mts.);  NEW  MEXICO:  Silver  Citv;  ORE- 
GON: Wheatland,  Corvallis;  UTAH:  As- 
pen Grove,  14  mi.  SE  Heber,  Provo,  Salt 
Lake  City,  Timpanogas.  Utah  Lake  (east 
side);  WASHINGTON:  College  Place,  3 
mi.  S  College  Place,  5  mi.  W  College  Place, 
Kooskooskie,  Seattle;  MEXICO:  BAJA 
CALIFORNIA  DEL  SUR:  La  Laguna 
(Sierra  Laguna);  DURANGO:  3  mi.  W 
El  Salto;  SINALOA:  S  mi.  W  El  Palmito 
[AMNH,  ANSP,  BYU,  CAS,  GDA,  GIN, 
CIS,  CU,  INHS,  JFL,  JS,  KU,  MCZ,  UAL, 
UAZ,  UCD,  USNM,  UW].  A  series  of  spec- 
imens from  New  Haven,  Connecticut,  and  3 
specimens  from  Washington,  D.  C.  have 
probably  been  mislabeled. 

Host  fun<^i. — Polijporus  versicolor  [27 
(7)];  Poly  poms  adustus  [11(2)];  Gano- 
derma  brownii  [8(5)];  Ganoderma  sp.  [6 
(3)];  Lenziies  bctuUna  [6];  Ganoderma 
appkinatum  [3(2)];  Tramefes  hispida  [3 
(2)];  Pleurotus  ostreatus  [3(1)];  Poria 
versipora  [2(2)];  Steccherinum  ochraceum 
[2(1)];  Pohjporus  gilvus  [2];  Ganoderma 
lucidum  [1(1)];  Ganoderma  lobafum  [1 
(1)];  Pohjporus  pargamenus  [1(1)];  Dae- 
dalea   unicolor  [1(1)];  Fomes  aiinosus  [1 


(1)];  Fomes  fraxinopJiihis  [1(1)];  Gano- 
derma oregonense  [1];  Fomes  cajanderi  [1]; 
Trametes  mollis  [1]. 

Discussion. — This  is  a  large,  narrow,  and 
elongate  species,  which  does  not  appear  to 
be  closely  related  to  any  other  known  form. 
It  is  most  similar  to  C.  poivelli,  from  which 
it  differs  by  having  coarser,  denser,  and 
more  uniform  elytral  punctation,  smoother 
elytral  surface,  longer  3rd  antennal  segment, 
and  more  pronounced  secondary  sexual 
characters  in  the  male.  It  is  also  somewhat 
similar  to  C.  thoracicornis  from  eastern 
North  America,  but  that  species  is  smaller, 
with  finer  and  sparser  elytral  punctation 
and  different  pronotal  characters  in  the 
male. 

The  considerable  variation  in  color  and 
secondary  sexual  characters  in  this  species 
has  led  to  the  proposal  of  several  names 
based  on  variants  which  may  occur  within 
a  single  population.  Casey  (1898)  described 
3  California  species,  Ennearthron  converg- 
ens,  E.  discolor,  and  E.  grossulum,  which 
were  based  on  minor  differences  in  pronotal 
punctation  and  the  nature  of  the  pronotal 
lamina  and  all  of  which  are  synonymous 
with  his  earlier  name  E.  californicum 
(Casey,  1884).  Dury  (1917)  described  2 
more  species,  E.  oregonus  from  Oregon  and 
E.  coloradense  from  Colorado,  which  also 
fall  within  the  range  of  variation  of  Casey's 
californicum.  As  noted  above,  there  is  a 
certain  amount  of  geographic  variation  with 
respect  to  color,  pronotal  punctation,  and 
surface  texture,  but  I  do  not  think  this  is 
sufficient  to  warrant  the  recognition  of  sub- 
species. Dury  ( 1917 )  mentioned  a  sub- 
species from  New  Mexico,  but  did  not 
propose  a  name  for  it;  all  of  the  other 
names  proposed  by  Casey  and  Dury  refer 
to  \'ariants  of  the  typical  northern  and 
coastal  form. 

C.  californicus  is  a  common  and  wide- 
spread species  in  western  North  America 
and  is  one  of  the  few  members  of  this  genus 
to  become  established  in  northern  and  mon- 
tane regions,  which  are  dominated  by  a 
Holarctic  fauna.    The  species  has  a  very 
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broad  host  range;  it  has  been  collected  on 
20  different  fungi  and  apparently  breeds  in 
at  least  14  of  these,  the  most  common  hosts 
being  Polyporus  versicolor,  P.  adustti.'i,  and 
various  species  of  Gonoderma.  Although 
the  above  records  suggest  that  P.  versicolor 
is  the  preferred  host,  there  is  some  evidence 
that  Ganodenna  (ip))knuitiim  and  its  rel- 
atives form  the  "headquarters"  for  this 
species.  If  the  several  closely  related  spe- 
cies of  Ganoderma  are  taken  together,  the 
total  number  of  breeding  records  exceeds 
that  for  P.  versicolor.  Most  of  the  collec- 
tions of  P.  versicolor  were  made  in  northern 
and  coastal  California,  and  there  was  a  def- 
inite collecting  bias  in  favor  of  this  fungus, 
since  it  is  inhabited  by  several  different 
ciids.  Finally,  Ccracis  californicus  is  more 
commonly  collected  on  Ganoderma  in 
southern  Arizona,  which  probably  is  closer 
to  the  center  of  its  range.  If  the  species 
originated  in  northern  Mexico,  there  may 
have  originally  been  selection  pressure  in 
favor  of  oligophagous  feeding  habits,  since 
a  number  of  other  Ccracis  occur  in  this  area. 
The  species  then  spread  northward  along 
the  Pacific  Coast  and  into  the  Rocky  Moun- 
tain Region,  \\'here  the  absence  of  related 
species  allowed  an  expansion  of  the  host 
range. 

Whatever  its  original  preferred  host  may 
have  been,  Ccracis  calijornicus  must  be  con- 
sidered a  polyphagous  species,  at  least  in 
the  northern  part  of  its  range.  It  is  inter- 
esting that  the  eoiiinioiiest  host  bmgi  fall 
into  both  ol  the  host  preference  groups 
established  by  Paviour-Smith  (1960)  and 
corroborated  by  my  own  uni)ublished  data 
on  the  North  American  ciids.  Pohjporus 
versicolor  and  Lcnzitcs  betulina  form  part 
of  one  group,  and  Pohjporus  adustiis  and 
Ganoderma  spp.  fall  into  the  other.  The 
same  is  true  in  the  case  of  Ccracis  ihoraci- 
cornis  discussed  below. 

In  northern  Caliform'a.  C.  califor)iicus 
is  a  eoiiiiiiou  iiihabilant  of  Ganodcr))i<i 
hroimii,  w  here  it  may  occasionalK  be  found 
with  Eridduhis  cphippialiis  (  Mannerheim  ). 
In   the   same   area,   it    is   iisualK'   associated 


with  Sulcacis  curtulus  (Casey)  and  Eridci- 
iiltis  americaniis  (Mannerheim)  in  Pohj- 
porus adustus,  and  it  occurs  with  several 
other  ciids,  including  Cis  vitulus  Manner- 
heim, Cis  versicolor  Casey,  Cis  fiiscipes 
Mellie,  and  Octofcmnus  laevis  Casey  in 
Pohjporus  versicolor  and  its  relatives.  In 
Nevada  and  Utah,  the  species  has  been 
taken  in  Ganoderma  applanaium.  In  south- 
ern Arizona  and  northern  Mexico,  it  is 
usually  found  in  various  species  of  Gano- 
derma, including  G.  lohatum  and  G.  lu- 
cidum,  and  it  may  occin-  in  Trametes 
Jiis))ida  as  well.  In  this  last  area,  there  are  4 
sympatric  species  of  Ccracis,  each  of  which 
occurs  on  a  different  group  of  fungi:  C 
californicus  on  Ganoderma,  C.  dixiensis  on 
Trametes  hispida,  C.  powelli  on  Pohjporus 
abietinus  and  the  related  P.  })ariiamcnus. 
and  C.  obricni  on  Pohjporus  iiilvus. 

Ceracis  curtus  (Mellie),  NEW 
COMBINATION 

Eitiicartliron  ctirtinu  Mellie,  1848:     367,  pi.  12,  fi.y. 
15;    Jaequelin    DiiVal,    1857:   243.     Type    lo- 
cality:    "Havane."     Leetotvpe,     i  ,    Pie    Coll 
(Chevrolat  Coll.),   MNHN. 

Ci.s-  ohesus  MeWiv,  1848;  335,  pi.  11.  fig.  13.  Type 
locality:  "Ameri(iue  boreale."  Lectotype,  £ , 
Melly  Coll.,  GEN.    NEW  SYNONYMY. 

EniieartJirun  compacta  Dury,  1917:  21,  24.  Type 
locality:  "Key  West,  Fla."  Holotype,  6  , 
Dury  Coll.,  CIN.    NEW  SYNONYMY. 

Plcsiotypcs.—  i  and  9,  CUBA:  Sole- 
dad  (Cienfuegos),  V,  VI-'39,  C.  Parsons, 
coll.  [MCZ]. 

Male. — Length  1.50  mm.  Body  1.93  x  as 
long  as  broad.  Head  and  apex  of  pronotmn 
rtxldish,  remainder  ol  pronotum  black; 
(4ytra  ;ind  vcntial  surfaces  dark  r(>ddish 
brown;  legs,  antenn;il  Imiicle,  and  palpi 
yellowish  brow  n,  anteun;il  club  d;uk  brown. 
\'ertex  with  a  W(\ik,  trans\erse  impression, 
prec(>ded  b\'  a  median  elexation;  fronto- 
cKpcal  ridg(^  weakl\  producc'd  and  shal- 
lowly  emarginate,  forming  2  small,  rounded 
fubcM-cles.  Antennae  9-segmented;  segment 
IN  2.25  X  as  long  as  1\".  Pronotum  0.83  X 
as   long  ;is  broad,  w  idest  at    middle;   sides 
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strongly  rounded;  anterior  edge  weakly 
produeed  and  shallowly  emarginate,  form- 
ing 2  rounded,  slightly  elevated  tubercles; 
surface  very  lightly  granulate,  almost 
smooth;  punctures  about  0.18  X  as  large  as 
scutellar  base  and  separated  by  0.25  to  0.50 
diameter.  Elytra  1.16  X  as  long  as  broad 
and  1.50  X  as  long  as  pronotum;  sides 
weakly  rounded  and  slightly  diverging  for 
two-thirds  of  their  lengths  and  abruptly 
converging  at  apices;  punctation  single  and 
relatively  uniform,  coarser  and  somewhat 
denser  than  pronotal  punctation,  the  punc- 
tures usually  separated  by  0.25  diameter. 
Metasternum  0.38  X  as  long  as  wide;  suture 
absent.  Abdomen  0.71  X  as  long  as  broad; 
sternite  III  with  a  circular,  median,  setiger- 
ous  pore,  which  is  0.43  X  as  long  as  body  of 
sternite,  distinctly  margined,  and  located 
posterad  of  center. 

Female. — Length  1.90  mm.  Body  2.05  X 
as  long  as  broad.  Vertex  slightly  convex; 
frontoclypeal  ridge  simple.  Pronotum 
0.83  X  as  long  as  broad;  anterior  edge 
rounded.  Elytra  1.27  X  as  long  as  broad 
and  1.62  x  as  long  as  pronotum.  Sternite 
III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  ]:)lackish,  less  com- 
monly reddish  brown;  elytra  yellowish  to 
black,  usually  reddish  or  reddish  brown, 
with  the  base  dark  brown  or  black.  The 
elytra  are  commonly  lighter  in  color  than 
the  pronotum.  Forms  with  bicolored  elytra 
occur  in  the  same  populations  with  those 
having  the  elytra  uniformly  reddish  brown 
or  blackish.  Pronotal  tubercles  in  smaller 
males  are  barely  developed,  while  in  larger 
specimens  they  may  be  distinctly  elevated 
and  subacute  at  the  apices.  Size  and  dimen- 
sions vary  as  follows  in  a  mixed  lot  of 
14  i  i  and  14  9  ?  :  TLmm:  i  1.42- 
1.97  (1.68±  0.050),  $  1.57-2.05  (1.79  ± 
0.045);  TL'EW  i   1.93-2.11(2.02  +  0.015), 

9     1.91-2.12    (2.03  ±0.015);    PL  PW     i 
0.79-0.91  (0.84  ±  0.009),  9  0.78-0.S8  (0.85  ± 
0.008);  EL  EW  i    1.16-1.28  (1.21  ±  0.009), 

9     1.20-1.29    (1.24  ±0.009);    EL  PL     i 
1.39-1.61  (1.50  ±  0.022),  9  1.50-1.68  (1.58  ± 


0.015).  Total  size  range  in  material  exam- 
ined:   1.42  to  2.05  mm. 

Distrihuiion. — Southern  United  States, 
from  south-central  Texas  to  Florida,  and  the 
Greater  Antilles  from  Cuba  to  Puerto  Rico 
( see  Fig.  30 ) .  About  80  specimens  ex- 
amined from  the  following  localities: 
UNITED  STATES:  FLORIDA:  Key 
\\es\i-  PENNSYLVAMA:  Philadelphia; 
TEXAS:  Round  Mt.;  WEST  INDIES: 
CUBA:  Soledad  (Cienfuegos),  Cayamas, 
Havana;  DOMINICAN  REPUBLIC:  St. 
Domingo,  San  Francisco  Mts.;  JAMAICA: 
Mandeville,  Port  Antonio;  PUERTO  RICO: 
Adjuntas.  A  series  of  9  specimens  collected 
in  Philadelphia  in  1898  may  represent  an 
isolated  northern  population,  but  the  record 
is  more  likely  to  be  an  error.  [AMNH, 
ANSP,  CIN,  MCZ,  MNHN,  USNM.] 

Ho.st  fungi. — Fomes  sclerodermeus  [1], 
Poly  poms  hijdnoides  [1]. 

Diseuss-ion. — This  is  one  of  the  largest 
and  the  most  robust  of  the  North  American 
Ceraeis.  It  is  very  similar  to  C.  nigropunc- 
tafiis  in  general  fonn,  antennal  segmenta- 
tion, and  pronotal  and  elytral  punctation, 
but  it  differs  from  that  species  in  its  larger 
size,  shorter  pronotum,  and  smooth  and 
shiny  surface.  It  is  also  cjuite  similar  to  the 
^^'est  Indian  C.  ca.sianeipennis,  which  is 
smaller  and  has  8-segmented  antennae.  The 
species  has  most  often  been  confused  with 
C.  midtipunctatii.s  in  collections,  but  the 
latter  has  much  finer  pronotal  punctation 
and  a  rounded  pronotal  apex  and  smaller 
abdominal  pore  in  the  male. 

The  species  was  originally  described  by 
Mellie  (1848)  as  Ennearthron  curtiim  from 
"Havane"  and  Ci.s  ohesus  from  "'Amerique 
boreale ";  Dury  ( 1917 )  redescribed  it  as  E. 
eompacta  on  the  basis  of  material  from  Key 
\\'est,  Florida,  and  Round  Mountain,  Texas. 
The  types  of  all  three  species  are  definitely 
conspecific. 

Part  of  Dury's  type  species  was  bred  from 
Fomes  marmoratus  ( =  Fomes  scleroder- 
meus), and  3  specimens  from  Santo 
Domingo  were  apparently  collected  on 
Pogonomijces  hijdnoides  (=  Polyporus  Jiyd- 
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noides).    These  are  the  only  two  host  rec- 
ords known  at  present  for  this  species. 

C.  cuHiis  is  obviously  closely  related  to 
C.  ni^wpunctatus,  and  the  two  species  have 
been  taken  on  the  same  species  of  fungi. 
Although  the  two  occur  together  along  the 
Gulf  Coast  of  Texas,  they  are  allopatric 
throughout  most  of  their  ranges.  C.  curtiis 
is  primarily  a  West  Indian  species  and  has 
been  collected  onlv  a  few  times  in  Nortli 
America;  C.  nigropunctatus,  on  the  other 
hand,  seems  to  be  fairly  common  in  Louisi- 
ana and  Texas  and  extends  through  Mexico 
and  Central  America  as  far  south  as  Pan- 
ama. The  scattered  and  rare  occurrences 
of  C'.  euitus  in  \ordi  America  may  indicate 
a  relatively  recent  dispersal  from  the  \\'est 
Indies,  possi]:)ly  tlirough  the  action  of  hurri- 
canes. Further  collecting  in  parts  of  Texas 
should  determine  whether  or  not  it  is  estab- 
lished there  and  if  it  is  reproductively  iso- 
lated from  C.  nigropunctatus. 

Ceracis  dixiensis  (Tanner),  NEW 
COMBINATION 

Octolcmiiiis  ilixieusis-  Tanner,  1934:  47.  Type 
locality:  "Zion  Nat'l.  Park,  Utah."  Holotvpe, 
6  ,  Tanner  Coll.,  BYU. 

Flc.siotijpes.—  i  and  9  ,  ARIZONA:  15 
mi.  E  l^ouglas,  Cochi.se  Co.,  Aug.  5,  1961, 
Lot  906  J.  F.  Lawrence,  ex  Tiametes  hispidii 
on  Populus  Frcniontii  [MCZ]. 

A/«/c.— Length  1.40  mm.  Body  2.24  X  as 
long  as  broad.  Head  and  apex  of  pronotum 
reddish,  remainder  of  i^ronotum  dark  red- 
dish brown;  elytra  and  ventral  surfaces 
black;  legs,  antennal  funicle,  and  palpi  yel- 
lowish brown,  antennal  cliib  dark  brown. 
Wrtex  somewhat  flattened;  frontoclypeal 
ridge  barely  produced  and  emarginate, 
forming  2  weak,  rounded  tubercles.  Anten- 
nae 8-segmented;  segment  ill  2x  as  long 
as  IV.  Pronotum  0.95  •  as  long  as  broad, 
widest  jnst  behind  iriiddle;  sides  weakl\- 
rounded;  anterior  edge  weakK  prodneed 
and  emarginate;  surface  lightK  granulate; 
punctur(\s  about  0.09  X  as  large  as  scntellar 
base  and  separated  1)\    1.0  to  1.5  diameters. 


Elytra  1.40  X  as  long  as  broad  and  1.67  X 
as  long  as  pronotum;  sides  subparallel  for 
three-fourths  of  their  lengths,  gradually 
converging  near  apices;  punctation  dual 
and  confused,  coarser  and  denser  than  pro- 
notal  pimctation,  the  punctures  usually  sep- 
arated b\'  less  than  0.75  diameter,  becoming 
confluent  anteriorly,  so  that  the  surface 
appears  rugose.  Metasternum  0.50  X  as 
long  as  wide;  suture  0.20  X  as  long  as  me- 
dian length  of  sternite.  Abdomen  0.87  X 
as  long  as  wide  at  base;  sternite  III  with  a 
transverse,  median,  setigerous  pore,  which 
is  0.69  X  as  long  as  wide,  0.55  X  as  long  as 
body  of  sternite,  indistinctly  margined,  and 
located  just  posterad  of  center. 

Female. — Length  1.25  mm.  Body  2.17  X 
as  long  as  broad.  Vertex  as  in  male;  fronto- 
clypeal ridge  simple.  Pronotum  0.95  X  as 
long  as  broad;  anterior  edge  rounded.  Ely- 
tra 1.39  X  as  long  as  broad  and  1.78  X  as 
long  as  pronotum.  Sternite  III  without  a 
setigerous  pore. 

Variation. — Pronotum  yellowish  orange 
to  black,  usually  dark  reddish  brown  or 
blackish,  often  with  the  apex  reddish;  elytra 
yellowish  to  black,  usually  black  and  occa- 
sionally reddish  posteriorly  near  the  suture. 
Anterior  edge  of  pronotum  \  aries  slightly  in 
the  depth  of  the  emargination,  so  that  small 
males  are  almost  indistinguishable  from  fe- 
males on  the  basis  of  this  character.  Size 
and  dimensions  vary  as  follows  in  a  series 
of  17  £  S  and  119  9  from  15  mi.  E  Doug- 
las, Arizona  (  Lot  906) :  TLmm:  i  1.13- 
1.34  (1.23  ±0.018),  9  1.13-1.30  ( 1.21  ± 
0.013);  TL  EW  i  2.17-2.35  (2.26  ±  0.014), 
9  2.17-2.35  (2.30  ±0.015);  PL  PW  c^ 
0.89-1.00  (0.95  ±0.007),  9  0.89-1.00  (0.96  ± 
0.009);  EL  EW  i  1.36-1.50  (1.42  ±0.011), 
9  1.39-1.54  (1.47  ±  0.014);  EL  PL  c^  1.61- 
1.82  (1.70  ±0.014),  9  1.63-2.00  ( 1.78  ± 
0.030).  Total  size  rang(>  in  material  exam- 
ined:   1.01-1.,39  mm. 

DisfriI)ufion. — Sontliwcstern  North  Amer- 
ica, from  southern  Utah  to  Cuadalajara, 
Mexico,  and  Ironi  the  (/iolorado  Rixer  in 
(California  to  the  Big  Bend  Region  in  Texas 
(see  Fig.  .33).    About   200  speciin(-ns  ha\  (^ 
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been  examined  from  the  following  local- 
ities:     UNITED     STATES:      ARIZONA: 

15  mi.  E  Douglas,  1  mi.  N  Nogales,  4  mi. 
NE  Patagonia,  5  mi.  SE  Wickenbuig;  CAL- 
IFORNIA: 4  mi.  E  Rlythe;  NEW  MEX- 
ICO: Dona  Ana;  TEXAS:  Boquillas  Camp 
(Big  Bend  National  Park);  UTAH:  St. 
George,  3  mi.  E  Virgin,  Zion  National  Park; 
MEXICO:  JALISCO:  Guadalajara.  [BYU, 
GIN,  CM,  JFL,  MCZ,  USNM.] 

Host  fungi. — Trametcs  hispida  [7(6)]; 
Ganodcrma  sp.  [2]. 

Discussion. — This  is  a  small,  moderately 
elongate  species  with  weakly  developed 
pronotal  and  frontoclypeal  characters  in  the 
male.  In  general  appearance,  it  is  similar 
to  C.  powelli,  from  which  it  differs  by 
having  8-segmented  antennae,  finer  pro- 
notal punctation,  and  a  larger  abdominal 
pore.  C.  obrieni  is  the  only  other  species 
with  a  large,  transversely  oval,  abdominal 
pore  in  the  male,  but  it  differs  from  C. 
dixicnsis  in  its  much  larger  size  and  apically 
expanded  elytra. 

C.  dixiensis  occurs  in  the  more  arid  por- 
tions of  the  Southwest,  and  it  is  normally 
found  along  river  beds  at  low  or  middle 
elevations,  in  association  with  Trametcs 
hispida,  a  common  fungus  on  cottonwoods 
and  willows.  It  is  commonly  associated 
with  Cis  versicolor,  and  in  southern  Arizona 
it  has  been  collected  with  Ceracis  calif  or  ni- 
cus  on  both  T.  hispida  and  Ganoderma  sp. 
The  species  has  been  collected  in  Jalisco 
and  probably  occurs  throughout  northern 
Mexico. 

Ceracis  minutissimus   (Mellie),   NEW 
COMBINATION 
Fig.    18 

Cis  niiiuttissimit.s  Mellie,  1848:  334,  pi.  11,  fig.  12. 
Type  locality:  "Boston."  Holotype,  c^  ,  Pic 
Coll.    (Chevrolat  Coll.),      MNHN. 

Plesiotypes.— i  and  $,  MICHIGAN: 
Lapeer  State  Game  Area,  Lapeer  Co.,  July 
3,  1963,  Lot  1197  J.  F.  Lawrence,  ex  Dac- 
dalea  unicolor  [MCZ]. 

Male. — Length  1.25  mm.   Body  2.17  X  as 


long  as  broad.  Head  and  prothorax  dark 
reddish  brown,  apex  of  pronotum  brownish 
yellow;  elytra,  pectus,  and  abdomen  black- 
ish; legs,  antennal  funicle,  and  palpi  yel- 
lowish, antennal  club  brownish.  Vertex 
with  a  moderately  deep,  transverse  im- 
pression, preceded  by  a  median  elevation; 
frontoclypeal  ridge  weakly  produced  and 
emarginate,  forming  2  rounded  tubercles. 
Antennae  8-segmented;  segment  III  1.5  X 
as  long  as  IV.  Pronotum  0.90  X  as  long  as 
broad,  widest  at  middle;  sides  strongly 
rounded;  anterior  edge  produced  and  emar- 
ginate, forming  2  small,  slightly  elevated, 
approximate,  triangular  teeth;  surface  dis- 
tinctly granulate;  punctures  about  0.05  X 
as  large  as  scutellar  base  and  separated  by 
1.5  to  2.5  diameters.  Elytra  1.35  X  as  long 
as  broad  and  1.63  X  as  long  as  pronotum; 
sides  weakly  rounded,  gradually  diverging 
to  alxnit  middle  and  converging  posteriorly; 
punctation  dual  and  confused,  coarser  and 
denser  than  pronotal  punctation,  the  punc- 
tures usually  separated  by  0.75  diameter  or 
less,  becoming  confluent  anteriorly  so  that 
the  surface  appears  rugose.  Metasternum 
0.50  X  as  long  as  wide;  suture  0.17  X  as 
long  as  median  length  of  sternite.  Abdomen 
0.89  X  as  long  as  wide  at  base;  sternite  III 
with  a  circular,  median,  setigerous  pore, 
which  is  0.22  X  as  long  as  body  of  sternite, 
distinctly  margined,  and  located  posterad 
of  center. 

Female. — Length  1.25  mm.  Body  2.17  X 
as  long  as  broad.  Vertex  somewhat  flat- 
tened; frontoclypeal  ridge  simple.  Pro- 
notum 0.86  X  as  long  as  broad;  anterior 
edge  rounded.  Elytra  1.39  X  as  long  as 
broad  and  1.78  X  as  long  as  pronotum. 
Sternite  III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  dark  reddish  brown, 
almost  always  yellowish  at  apex;  elytra  yel- 
lowish to  black,  usually  black,  often  some- 
what reddish  posteriorly  along  the  suture. 
Anterior  edge  of  pronotum  barely  produced 
in  smaller  males;  distinctly  produced  in 
larger  individuals,  so  that  2  distinct  teeth 
are  formed.    Size  and  dimensions  var\'  as 
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follows  in  a  series  of  22  S  S  and  23  9  9 
from  Lapeer  Co.,  Miehigan  (Lot  1197): 
TLmm.  6  1.15-1.32  (1.22^:0.011),  9 
1.00-1.32  (1.21  ±0.016);  TLEW  i  2.00- 
2.29  (2.12  ±0.013),  9  2.00-2.24  (2.11  ± 
0.013);  PL  PW  i  0.84-0.95  (0.88  ±0.006), 
o  0.81-0.90  (0.85  ±0.006);  EL  EW  6  1.26- 
1.48  (1.33  ±0.011),  9  1.28-1.43  (1.36  ± 
0.009);  EL  PL  i  1.55-1.82  (1.68  ±  0.017), 
9  1.68-1.94  (1.82  ±0.013).  Total  size 
range  in  material  examined:    0.97-1.42  mm. 

Distribution. — Eastern  United  States 
from  New  Hampshire  and  Michigan  to 
Alabama  (see  Fig.  32).  More  common  in 
the  northern  part  of  the  range,  and  to  be 
expected  in  southern  Canada.  About  375 
specimens  have  been  examined  from  the 
following  localities:  ALABAMA:  Mobile; 
INDIANA:  La  Porte  Co.,  Smith  Station; 
KENTUCKY:  Mammoth  Cave  National 
Park;  MASSACHUSETTS:  Sherborn,  Cam- 
bridge, Concord,  Boston,  Melrose,  Stone- 
ham;  MICHIGAN:  Lapeer  State  Came 
Area;  NEW  HAMPSHIRE:  7  mi.  N\V  \\'il- 
ton;  NE^^'  JERSEY:  Morristown;  OHIO: 
Cincinnati;  PENNSYLVANIA:  Chestnut 
Hill.  Easton,  Wissahickon  Cr.  [AMNIl, 
CAS,  CIN,  CNC,  CNIIM,  CU,  HH,  INHS, 
JFL,  JS,  MCZ,  MNHN,  UAL,  UCD, 
USNM.] 

Ilo.^t  fun^i. — Dacdalea  unicolor  [7(5)]; 
Fohiponis  versicolor  [1];  PoIi/))orus  adus- 
tus[l]. 

Discussion. — I'his  is  one  of  the  smaller 
species  in  the  genus  and  is  similar  in  si/c 
and  general  appearance  to  C'.  ininulus,  from 
which  it  ina\'  be  distingm'shed  b\'  the 
coarser  and  denser  cKtial  punctation,  dis- 
tinctly granulate  and  dull  pronotal  surface, 
and  the  presence  ol  2  appioximate,  tri- 
angular teeth  on  the  pronotum  ol  the  male. 
It  may  be  confused  with  smaller  males  and 
lemales  of  (..  ihoracicornis,  but  in  the  latter 
species  the  antennae  are  9-segmented  and 
the  elytral  iMinctation  is  finer  and  sparser. 

Although  specimens  hax'e  been  taken  in 
Mobile,  Alabama,  the  species  appears  to  be 
more  common  in  northeastern  North  Amer- 


ica, where  it  normalK'  feeds  on  the  fungus 
Dacdalea  unicolor. 

Ceracis  minutus  Dury 
Fig.   19 

Ceracis  iiiiuuia  Dury,  1917:  25.  Type  locality: 
"Palm  Beach,  Florida."  Holotype,  i  ,  Dury 
Coll.,  CIN. 

Plesiofijpes. —  i  and  9  ,  TEXAS:  Browns- 
ville, H.  S.  Barber,  coll.,  exGanodcrnui  pseu- 
doholctus  [USNM]. 

Male. — Length  1.12  mm.  Body  2.14  X  as 
long  as  broad.  Head  and  apex  of  pronotum 
reddish;  remainder  of  pronotum,  elytra,  and 
ventral  surfaces  dark  reddish  brown;  legs, 
antennal  funicle,  and  palpi  yellowish,  anten- 
nal  club  brownish.  Vertex  with  a  moder- 
ately deep,  transverse  impression,  preceded 
by  a  median  elevation;  frontoclypeal  ridge 
produced,  forming  a  short,  broad,  slightly 
concave  lamina,  which  is  shallo\\'ly  emargi- 
nate  at  apex.  Antennae  8-segmented;  seg- 
ment III  2.25  X  as  long  as  IV.  Pronotum 
0.95  X  as  long  as  broad,  widest  at  middle; 
sides  weakly  rounded;  anterior  edge  pro- 
duced and  deeply  emarginate,  forming  2 
subparallel,  slightly  elevated  horns,  which 
are  narrowly  rounded  at  apices;  disc  slight!)" 
impressed  just  behind  horns;  surface  lightK' 
graruilate:  punctures  about  0.12  X  as  large 
as  scutellar  base  and  separated  by  1.0  to  1.5 
diameters.  Elytra  1.24  X  as  long  as  broad 
and  1.37  X  as  long  as  pronotinn;  sides 
weakly  rounded,  di\(>rging  to  about  middle 
and  gradually  conxcrging  apically;  punc- 
tation dual  and  subseriate,  about  as  coarse 
and  dcMise  as  pronotal  punctation,  the  punc- 
tures usually  separated  b\  1  diameter  or 
more.  Metastt-'rnum  0.44  X  as  long  as  \\  idi'; 
suture  absent.  .Vbdomen  0.76  X  as  long  as 
wide  at  base;  sternite  HI  with  a  circular, 
nu'diau,  setigerous  pore,  which  is  0.20  X  as 
long  as  bod\"  of  sternite,  indistinctK'  mar- 
gined, and  located  posterad  of  centtM-. 

F('in(de. — Length  1.02  mm.  Bodx  2.16  X 
long  as  bioad.  \'cite\  somewhat  flattened; 
IrontocK  peal  lidge  simple.  Pionotnm  0.94  X 
as   long   as    broad;    anterior   edge    lonndcd. 
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Elytra  1.32  X  as  long  as  broad  and  1.56  X 
as  long  as  pronotum.  Sternite  III  withont  a 
setigerous  pore. 

Vol  id f ion. — Color  of  pronotum  yellowish 
orange  to  dark  reddish  brown,  usnally  red- 
dish or  dark  reddish  brown,  with  the  apex 
reddish;  elytra  yellowish  to  blackish,  nsu- 
alh'  dark  reddish  brown,  often  with  some 
reddish  posteriorly  near  the  sntnre.  Ante- 
rior edge  of  pronotum  in  smaller  males 
\\'eakly  produced  and  emarginate,  forming 
2  flattened,  approximate  teeth;  in  larger 
specimens,  these  are  represented  by  longer, 
rounded  horns,  which  are  usually  subpaial- 
lel.  Size  and  dimensions  vary  as  follows  in 
a  series  of  14  £  S  and  14  5  9  from  Bro\\'ns- 
ville,  Texas:  TLmm:  ^0.92-1.12(1.00  + 
0.013),  9  0.85-1.10  (0.97  ±0.016);  TL/ 
EW  6  2.10-2.21  (2.14  ±0.009),  9  2.05- 
2.17  (2.09  ±0.011);  PL/PW  6  0.87-0.94 
(0.90  ±  0.007),  9  0.82-0.94  (0.88  ±  0.008); 
EL  EW  6  1.24-1.35  ( 1.28  ±  0.009),  9 
1.25-1.39  (1.31  ±0.010);  EL  PL  i  1.41- 
1.64  (1.51  ±0.017),  9  1.56-1.79  (1.66  ± 
0.019).  Total  size  range  in  material  exam- 
ined:   0.80-1.17  mm. 

Distribution. — Southern  Texas,  Florida, 
and  the  Greater  Antilles  (see  Fig.  33). 
About  175  specimens  examined  from  the 
following  localities:  UNITED  STATES: 
FLORIDA:  Enterprise,  Biscayne,  Palm 
Beach,  Wesi  Palm  Beach,  Key  West; 
TEXAS:  Brownsville;  WEST  INDIES: 
CUBA:  Cayamas,  Soledad  (Cienfuegos); 
HAITI:  Carrefour,  Camp  Perrin,  Etang 
Sumatre,  Port  au  Prince;  JAMAICA:  Port 
Antonio,  Sav-la-Mar.  [ANSP,  BMNH,  CIN, 
CM,  MCZ,  MNHN,  USNM.] 

Hosi  fungi. — Ganodcrma  sp.  [1]. 

Discussion. — This  is  the  smallest  species 
of  Ceracis  in  the  North  American  fauna  and 
it  differs  from  C.  minutissimus  in  having  2 
narrow  pronotal  horns  in  the  male,  finer 
and  sparser  elytral  punctation,  which  tends 
to  be  subseriate,  and  a  more  lightly  granu- 
late and  shiny  pronotal  surface.  It  is  also 
very  similar  to  the  West  Indian  C.  variabilis 
and  the  Mexican  C.  militaris.  C.  variabilis 
is  a  more  narrow  and  elongate  species  with 


coarser  and  denser  punctation.  Further 
notes  on  this  species  group  are  given  in  a 
previous  section. 

Ceracis  minutus  is  primarily  a  West  In- 
dian species,  and  it  extends  only  into  south- 
ern Florida  and  extreme  southern  Texas. 
The  Texas  series  was  apparently  collected 
on  ^'Ganoderrna  pseud obolctus"  along  with 
a  series  of  C.  quadricornis  and  C.  schacfferi. 
The  name  G.  pscudoboletus  could  not  be 
traced  in  the  mycological  literature,  but  it 
probably  represents  one  of  the  stipitate 
species  of  Ganoderma,  such  as  G.  curtisii  or 
G.  lucidum. 

Ceracis  monocerus,  NEW  NAME 
Fig.   20 

Eiincartljnm  iiniconw  Casey,  1898:  90;  Dury, 
1917:  25.  (Not  Ceracis  unicornis  Gorham, 
1898:  332).  Type  locality:  "Florida."  Holo- 
type,   $,  Casey  Coll.,  USNM. 

Plesiotijpes.— i  and  9,  FLORIDA:  4 
mi.  SE  Lake  Placid,  Highlands  Co.,  June 
30,  1965,  Lot  1532  J.  F.  Lawrence,  ex  Pohj- 
porus  sanguineus  [MCZ]. 

Male. — Length  1.25  mm.  Body  2.17  X  as 
long  as  broad.  Head  and  prothorax  reddish 
orange;  elytra  blackish  anteriorly,  yellowish 
posteriorly  near  the  suture;  pectus  dark 
brown,  abdomen  yellowish  brown;  legs, 
antennal  funicle,  and  palpi  yellowish,  anten- 
nal  club  brownish.  Vertex  with  a  broad, 
shallow,  median  impression;  frontoclypeal 
ridge  strongly  produced,  forming  a  long  and 
narrow,  slightly  elevated,  flattened,  median 
horn,  which  is  subtruncate  at  apex.  Anten- 
nae 9-segmented;  segment  III  1.33  X  as 
long  as  IV.  Pronotum  0.82  X  as  long  as 
broad,  widest  at  middle;  sides  weakly 
rounded;  anterior  edge  barely  emarginate; 
surface  distinctly  granulate;  punctures  about 
0.07  X  as  large  as  scutellar  base  and  sepa- 
rated bv  1.5  to  2.5  diameters.  Elvtra  1.39  X 
as  long  as  broad  and  1.78  x  as  long  as  pro- 
notum; sides  weakly  rounded,  diverging  to 
about  middle  and  gradually  converging  api- 
cally;  punctation  dual  and  confused,  some- 
what finer  and  about  as  dense  as  pronotal 
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punctatioii.  Metasternuni  0.50  X  as  long  as 
w  ide;  suture  0.44  X  as  long  as  median 
length  of  sternite.  Abdomen  0.94  X  as  long 
as  \\'ide  at  base;  sternite  III  with  a  cireular, 
median,  setigerous  pore,  which  is  0.23  x  as 
long  as  bodv  of  sternite,  indistinctly  mar- 
gined,  and  located  posterad  of  center. 

Female. — Length  1.22  mm.  Body  2.33  X 
as  long  as  broad.  Vertex  somewhat  flat- 
tened; frontoclypeal  ridge  simple.  Pro- 
notum  0.90  X  as  long  as  broad;  anterior 
edge  rounded.  Elytra  1.48  X  as  long  as 
broad  and  1.72  X  as  long  as  pronotum.  Ster- 
nite III  w'itliout  a  setigerous  pore. 

Varkifion. — Color  of  pronotum  yellowish 
orange  to  dark  reddish  brown,  usually  red- 
dish orange  or  reddish  brown;  elytra  yel- 
lowish to  black,  usually  blackish  or  brownish 
\\  ith  \arying  amounts  of  yellowish  or  red- 
dish posteriorly  near  the  suture,  the  yellow- 
ish color  occasionally  occupying  more  than 
half  of  the  dorsal  surface.  Frontoclypeal 
ridge  in  smaller  males  with  a  very  short 
median  projection;  in  larger  specimens  this 
is  repri'seiited  by  a  long,  narrow  horn, 
which  is  elevated  and  may  extend  well 
beyond  the  edge  of  the  pronotum.  The 
horn  may  be  narrowdy  rounded,  truncate,  or 
expand(>d  and  shallowly  emarginate  at  apex. 
Anterior  edge  of  pronotum  in  males  may  be 
rounded  to  shallowly  (Mnarginatc>.  Size  and 
dimensions  vary  as  follows  in  a  series  of 
14  i  S  and  14  9  9  from  Florida:  TLmm: 
A  1.00-1.;30  (1.19  ±0.021);  9  1.15-1.30 
(1.23  ±  0.013);  TLEW  i  2.10-2.26  (2.18  ± 
0.013);  9  2.14-2.28  (2.21  ±  0.014);  PL  V\\ 
■'.  0.82-0.90(0.86^0.007);  9  0.84-0.90 
(0.88  ±  0.007);  EL  EW  i  1.35-1.43  (1.138  ± 
0.007),  9  1.36-1.48  (1.41  ±  0.004);  EL  PL 
i  1.67-1.86  (1.73  ±0.016),  9  1.72-1.87 
( 1.77  ±  0.012).  Total  si/e  range  in  mate- 
rial examined:     1.00-1. .30  mm. 

Dislrihiilion. — Florida.  Louisiana,  and 
(^uba  (see  I'^ig.  .30).  About  65  si^ecimens 
exaniined  from  the  following  localities: 
TMTKI)  STATES:  IT.ORIDA:  4  mi.  SF 
Lake  Placid;  LOUISIANA:  Killian;  W  EST 
IM)IES:  C:UHA:  no  specific  localilx. 
[ANSP,  |I'L,  MC;Z,  FSNM.] 


Host    fuiig^i. — Polijjjoius    .«//ig(//jic(/.S'    [2 

(I)]- 

Discussion. — As   discussed   in   an   earlier 

section,  C.  monocenis  is  a  member  of  the 
Ccraeis  furcifer  group,  and  it  is  easily  dis- 
tinguished from  other  North  American  spe- 
cies by  the  characters  given  in  the  key.  It  is 
most  closely  related  to  C.  cornifer  from 
Brazil,  C.  hastifcr  from  Colombia,  and  C. 
unicornis  from  the  Windward  Islands,  all 
of  which  have  9-segmented  antennae  and  a 
frontoclypeal  horn  which  is  not  bifurcate 
at  the  apex.  C.  monocerus  is  known  only 
from  Cuba  and  the  extreme  southern  part 
of  the  eastern  United  States,  but  this  distri- 
bution pattern  suggests  that  it  may  be  more 
widespread  in  the  Greater  Antilles.  C  uni- 
cornis Gorham  is  a  very  similar  form,  and 
further  collecting  in  the  \\'est  Indies  may 
well  show  that  it  is  not  distinct  from  C. 
monocerus  even  at  the  subspecific  level. 
C.  cornifer  and  C.  Jwsiifer  are  also  very  sim- 
ilar to  C'.  moi^occrus.  differing  mainly  in 
color  and  in  the  shape  of  the  frontoclypeal 
horn  and  pronotal  apex,  and  may  not  be 
specif icalh'  distinct. 

Two  small  series  of  specimens  from  Flor- 
ida and  Louisiana  were  collected  on  the 
fimgus  Polyporus  sanguineus.  Both  C.  fur- 
cifer and  C.  cornifer  ha\  e  been  collected  on 
this  same  fungus. 

The  name  monocerus  is  taken  from  the 
iollowing  two  CriH^k  words:  nioiu)s.  one. 
and  ceras.  horn. 

Qerocls  multipuncfafus  (Mellie),  NEW 
COMBINATION 
Fig.   24 

I'.iiiicditlnon     iiuiltipuiuidhnn  Mcllir,     lcS4cS:    ,368, 

pi.   12,  iiii.    16;  JatcnK'lin  Du\'al,    18.57:   24.3. 

Type    l()talit\':      "Cuba."  Location    of    t\pcs 
unknown. 

Plesiol{i])es.—  6  and  v,  I-LOHIDA: 
Highlands  fhimmock  State  Park,  Highlands 
Co.,  Junc>  24,  1965.  Lot  1504  J.  F.  LawTence, 
e\  (Uiucdcnna  zonafum  [MCZ]. 

A/r//c.— Length  1.17  mm.  Body  2.11  X  as 
long  as  bioad.    1  k'ad  and  pronotum  black- 
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ish,  apex  of  pronotum  somewhat  yellowish; 
elytra  reddish,  sliglitly  darker  on  sides; 
ventral  surfaces  reddish  brown;  legs,  anten- 
nal  funicle,  and  palpi  yellowish  brown, 
antennal  club  dark  brown.  Vertex  some- 
what flattened;  frontoclypeal  ridge  simple 
and  rounded.  Antennae  9-segmented;  seg- 
ment III  2  X  as  long  as  IV.  Pronotum  0.88  X 
as  long  as  broad,  widest  at  posterior  third; 
sides  gradually  converging  anteriorly;  sur- 
face distinctly  granulate;  punctures  about 
0.08  X  as  large  as  scutellar  base  and  sepa- 
rated by  0.75  to  1.25  diameters.  Elytra 
1.29  X  as  long  as  broad  and  1.57  x  as  long 
as  pronotum;  sides  subparallel  for  three- 
fourths  of  their  lengths  and  abruptly  con- 
verging near  apices;  Punctation  single  and 
relatively  uniform,  much  coarser  and  denser 
than  pronotal  punctation,  the  punctures 
usually  separated  by  0.50  diameter  or  less. 
Metasternum  0.43  x  as  long  as  wide;  suture 
barely  indicated  posteriorly.  Abdomen 
0.80  X  as  long  as  w  ide  at  base;  sternite  III 
with  a  circular,  median,  setigerous  pore, 
which  is  0.27  X  as  long  as  body  of  sternite, 
indistinctly  margined,  and  located  posterad 
of  center. 

Female. — Length  1.50  mm.  Body  2.14  X 
as  long  as  broad.  Vertex  and  frontoclypeal 
ridge  as  in  male.  Pronotum  0.88  X  as  long 
as  broad;  anterior  edge  rounded.  Elytra 
1.32  X  as  long  as  broad  and  1.61  x  as  long 
as  pronotum.  Sternite  III  without  a  setig- 
erous pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  black,  with  the 
apex  often  somewhat  yellowish;  elytra  yel- 
lowish to  blackish,  usually  reddish  or  dark 
reddish  brown,  usually  unicolored  and 
lighter  in  color  than  pronotum.  Size  and 
dimensions  vaiy  as  follows  in  a  series  of 
23  S  S  and  20  9  9  from  Highlands  Ham- 
mock State  Park,  Florida  (Lot  1504): 
TLmm:  i  1.20-1.47  ( 1.33  ±  0.017),  9 
1.20-1.50  (1.38  ±0.018);  TL/EW  6  2.00- 
2.12  (2.07  ±0.009),  9  2.04-2.15  (2.09  ± 
0.008);  PL  PW  6  0.80-0.92  (0.85  ±0.006), 
9  0.80-0.88  (0.84  ±0.006);  EL/EW  S 
1.23-1.35  (1.29  ±  0.006),  9  1.27-1.36  (1.32  ± 


0.005);  EL  PL  s  1.55-1.75  (1.64  ±0.011), 
9  1.59-1.82  (1.69  ±0.014).  Total  size  range 
in  material  examined:     1.17-1.75  mm. 

Distribution. — Alabama,  Florida,  and  the 
West  Indies  from  Cuba  to  Montserrat  (see 
Fig.  32).  Al:)Out  175  specimens  examined 
from  the  following  localities:  UNITED 
STATES:  ALABAMA:  Mobile;  FLOR- 
IDA: 4  mi.  NE  Copeland,  Enterprise, 
Haulover,  Highlands  Hammock  State  Park, 
2.5  mi.  SE  Lake  City,  7  mi.  SE  Lake  City, 
4  mi.  SE  Lake  Placid;  WEST  INDIES: 
CUBA:  Buenos  Aires  (Trinidad  Mts.), 
Cayamas,  Guantanamo;  JAMAICA:  Ochos 
Rios,  Mandeville;  MONTSERRAT:  The 
Cot.  [AMNH,  ANSP,  CIN,  CNHM,  JFL, 
MCZ,  USNM.] 

Host  fungi. — Ganoderma  zonatum  [7(4)]; 
Fomes  sclerodermeus  [1(1)],-  Folyporus  su- 
pinus  [1]. 

Discussion. — This  is  a  very  short  and 
broad  species  in  which  the  pronotal  and 
frontoclypeal  modifications  are  completely 
lacking  in  the  male.  General  form  and 
punctation  of  the  elytra  are  similar  to  C. 
curtus,  C.  nigropunctatus,  and  C.  castanei- 
pennis,  but  all  three  of  these  species  have 
coarser  and  denser  pronotal  punctation  and 
distinct  tubercles  on  the  pronotal  apex  in 
the  male.  C.  muJtipunciatus  resembles  C. 
ohrieni  in  having  a  strongly  declined  and 
finely  and  sparsely  punctate  pronotum, 
which  is  rounded  in  the  male,  but  the  latter 
species  has  8-segmented  antennae,  dual 
elytral  punctation,  and  a  larger,  transversely 
oval  abdominal  pore. 

The  identity  of  this  species  is  still  some- 
what in  doubt.  The  types  should  be  in  the 
Chevrolat  Collection  in  Paris,  but  all  of  the 
specimens  labeled  as  "multipnnctatum"  are 
from  Santo  Domingo  rather  than  Cuba,  and 
they  are  conspecific  with  C.  curtus.  A  single 
specimen  in  the  Marseul  Collection  is  la- 
beled "Ennearthron  multipnnctatum  Mel. 
Cuba.  ..."  and  may  be  from  the  type 
series,  but  the  specimen  is  a  female  and  the 
pronotal  punctation  is  somewhat  coarser 
than  that  in  the  Florida  specimens.  In  com- 
paring the  species  with  curtus,  Mellie  men- 
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tions  that  multipunctatus  has  finer  piincta- 
tion,  especially  on  the  prothorax.  The  pro- 
notal  punctation  of  the  Marseul  specimen  is 
somewhat  finer  than  in  specimens  of  curtus 
bnt  not  as  fine  as  that  in  the  specimens  here 
described  as  multipunctatus.  Perhaps  the 
examination  of  more  West  Indian  speci- 
mens will  clarify  this  situation. 

This  is  another  West  Indian  species 
which  occurs  only  in  Florida  and  Louisiana. 
In  central  Florida  it  was  found  breeding  in 
Fames  sclerodermcus  and  Ganodcrma 
zonatum,  but  it  appears  to  be  much  more 
common  in  the  latter. 

Ceracis  nigropuncfafus  NEW  SPECIES 
Fig.    16^ 

Cis  piiiutdlits — ,  (iorhaiii,  1(S83:    223.    Misideiitifi- 
catioii. 

Jlolotypc.—  i  ,  LOUISIANA:  4  mi.  S 
Cirosse  Tete,  Iberville  Parish,  Dec.  4,  1965, 
Lot  1643  y.  F.  Lawrence,  ex  Fames  sclera- 
deimeus  [MCZ,  No.  31284].  Allotype,  $, 
same  data  [MCZ]. 

Male. — Length  1.47  mm.  Bod)  2.18  X  as 
long  as  broad.  Head  reddish,  pronotum  and 
major  portion  of  elytra  blackish,  elytral 
suture  reddish  brown  posteriorly;  ventral 
surfaces  reddish  brown  ant(>riorly,  black- 
ish posteriorly;  legs,  antennal  funicle,  and 
palpi  yellowish  brown,  aiitciinal  club  dark 
brown.  X'ertex  with  a  moderately  deep, 
transNcrse  impression,  preceded  by  a  me- 
dian elevation;  frontoclypeal  ridge  pro- 
duced and  deep!)  emarginate,  forming  2 
siibtriiiiigular  plates.  Antennae  9-seg- 
mented;  segment  III  2.50  X  as  long  as  IV. 
Pronotum  0.89  X  as  long  as  broad,  widest  at 
middle;  sides  weakly  rounded;  anterior 
edge  produced,  forming  2  small,  slightlv 
elevated  tubercles,  which  are  sepaiated  by 
slightly  more  than  a  basal  width;  surface 
weakly  grannlalc;  imnclures  about  0.13  X 
as  large  as  scntcllar  Ixise  and  separated  by 
0..50  to  0.75  (liiiiMctcr.  I':i\tr;i  1.30  y  as  long 
as  broad  and  1.46  .-  as  long  as  pronotum; 
sides  subparallel  for  most  of  thrir  lengths, 
abruptly  converging  posteriorly;  punctation 


single  and  relatively  uniform,  coarser  and 
denser  than  pronotal  punctation,  the  punc- 
tures usually  separated  by  0.33  diameter  or 
less.  Metastemum  0.40  X  as  long  as  wide; 
suture  absent.  Abdomen  0.83  X  as  long  as 
wide  at  base;  sternite  III  with  a  circular, 
median,  setigerous  pore,  which  is  0.50  X  as 
long  as  body  of  sternite,  distinctly  mar- 
gined, and  located  posterad  of  center. 

Female. — Length  1.45  mm.  Body  2.19  X 
as  long  as  broad.  Wrtex  convex;  fronto- 
clypeal ridge  simple.  Pronotum  0.96  X  as 
long  as  broad;  anterior  edge  rounded.  Ely- 
tra 1.31  X  as  long  as  broad  and  1.48  X  as 
long  as  pronotum.  Sternite  III  without  a 
setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usualK'  dark  brown  or 
black;  elytra  yellowish  to  black,  usualh' 
dark  bro\\'n  or  black,  never  distinctly  bi- 
colored,  but  occasionally  somewhat  reddish 
posteriorly  along  the  suture.  Pronotal  tu- 
bercles barely  developed  in  smaller  males; 
in  larger  individuals  the  tubercles  are  dis- 
tinct and  elevated  and  the  pronotal  disc  is 
often  somewhat  bulging  laterally.  Size  and 
dimensions  vary  as  follows  in  a  series  of 
28  i  i  and  21  9  9  from  4  mi.  S  Crosse 
Tete,  Louisiana  (Lot  1643):  TLmm:  o 
1.10-1.60  (1..37±  0.022),  9  1.20-1.55 
(1.41  ±  0.018);  TL/EW  6  2.00-2.26(2.15  + 
0.011),  9  2.07-2.22  (2.14  ±0.008);  PL 
PW  6  0.82-0.96  (0.89  ±0.006),  9  0.87- 
0.96  (0.93  ±0.005);  EL/EW  c^  1.22-1.33 
( 1.28  ±  0.006 ),  9  1.22-1.33  ( 1.28  ±  0.006 ) ; 
EL  PL  6  1.37-1.67  (1.48  ±  0.012),  9  1.38- 
1.65  (1.49  ±0.013).  Total  size  range  in 
material  examined:    1.07-1.65  mm. 

raiatt/pes.~\()().  LOUISIANA:  same 
data  as  holotype  [MCZ]. 

Distribution. — Louisiana  and  Texas  south, 
through  Mexico  and  Central  America,  to 
Panama  (see  Fig.  27).  About  275  speci- 
mens examined  from  the  following  local- 
ities: llNITKI)  .STAINS:  LOUISIANA: 
4  iiu'.  S  Crosse  Tete;  TEXAS:  Columbus, 
Nhicdona,  Palmc-tto  State  Park,  San  Anto- 
nio, \^ictoria,  Wallisville;  MEXICO:  NA- 
VAHIT:    San  Bias;  OAXACA:    8  mi.  N.  La 
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Ventosa;  PUEBLA:  29  mi.  E  Xilotepec; 
TAMAULIPAS:  Tampico;  VERACRUZ: 
11  mi.  N  Cordoba,  Cotaxtla  Expt.  Sta., 
Cosamoloapan,  9  mi.  NE  Paniico,  \^eraciuz; 
CENTRAL  AMERICA:  BRITISH  HON- 
DURAS: Manatee  District;  COSTA  RICA: 
4  mi.  N  Canas,  Turrialba;  EL  SALVADOR: 
Los  Choreos  National  Park;  GUATEMALA: 
6  mi.  E  Esquintla,  Zapote;  PANAMA: 
Barro  Colorado.  [BMNH,  CAS,  CNHM, 
JFL,  MCZ,  UCD,  USNM.] 

Host  fungi. — Polyporus  hydnoidcs  [6(3)]; 
Polyporiis  hirsutus  [2];  Ganodcrma  sp.  [1]; 
Fames  sclerodermeus  [1(1)]. 

Discussion. — This  is  a  moderately  short 
and  broad  species,  which  is  similar  to  C. 
curtus,  differing  mainly  in  its  smaller  size, 
somewhat  longer  pronotum,  and  lightly 
granulate  surface.  It  resembles  darker 
specimens  of  C.  schacffcri  and  C  similis 
(southern  Baja  California  and  western  Mex- 
ico), but  these  two  species  have  8-seg- 
mented  antennae,  somewhat  finer  and 
sparser  pronotal  punctation,  and  a  short, 
elevated,  pronotal  lamina  in  the  male.  C. 
nigropunctatus  is  fairly  widely  distributed 
in  Mexico  and  Central  America;  it  appears 
to  exhibit  no  appreciable  geographic  vari- 
ation, and  the  color  of  mature  specimens  is 
uniformly  blackish  or  mahogany  brown 
throughout  the  range.  The  species  is  sym- 
patric  with  the  closely  related  C  curtus  in 
Texas,  although  the  two  have  never  been 
taken  together. 

The  beetle  has  been  found  breeding  in 
Fames  sclerodermeus  and  Folyparus  hyd- 
noides,  but  it  appears  to  be  more  common 
in  the  latter.  The  2  records  from  F.  hirsutus 
are  based  on  1  or  2  specimens  and  may 
represent  accidental  occurrences. 

The  name  nigropunctatus  is  taken  from 
the  Latin  niger,  black,  and  the  Neolatin 
punctatus,  punctate  (originally  punctum, 
a  form  of  the  verb  pungo,  to  puncture ) . 

Ceracis  obrieni  NEW  SPECIES 
Fig.   25 

Holotype.—  i,    ARIZONA:    2    mi.    SW 


Patagonia,  Santa  Cruz  Co.,  Sept.  3,  1961, 
Lot  953  J.  F.  Lawrence  (C.  W.  O'Brien, 
coll.),  ex  Polyporus  gilvus  on  Fopultis  Fre- 
montii  [MCZ,  No.  312S5].  Allotype,  9, 
same  data  [MCZ]. 

M«/c.— Length  1.60  mm.  Body  2.06  X 
as  long  as  broad.  Head,  pronotum,  and  pos- 
terior half  of  elytra  reddish,  anterior  half  of 
elytra  blackish;  ventral  surfaces  reddish 
brown;  legs,  antennal  funicle,  and  palpi 
yellowish,  antennal  club  brownish.  \^ertex 
slightly  convex;  frontoclypeal  ridge  simple 
and  rounded.  Antennae  8-segmentecl;  seg- 
ment III  2.33  X  as  long  as  IV.  Pronotum 
0.85  X  as  long  as  broad,  widest  at  posterior 
fifth;  sides  gradually  converging  anteriorly; 
anterior  edge  strongly  rounded;  disc  de- 
clined anteriorly;  surface  distinctly  granu- 
late; punctures  about  0.08  X  as  large  as 
scutellar  base  and  separated  by  1.0  to  1.5 
diameters.  Elytra  1.35  X  as  long  as  broad 
and  1.91  X  as  long  as  pronotum;  sides  grad- 
ually diverging  posteriorly  for  three-fourths 
of  their  lengths  and  abruptly  converging 
near  apices;  punctation  dual  and  somewhat 
confused,  coarser  and  denser  than  pronotal 
punctation,  the  punctures  usually  separated 
by  less  than  0.75  diameter.  Metasternum 
0.56  X  as  long  as  wide;  suture  barely  indi- 
cated posteriorly.  Abdomen  0.94  X  as  long 
as  wide  at  base;  sternite  III  with  a  trans- 
verse, median,  setigerous  pore,  which  is 
0.54  X  as  long  as  wide,  0.50  X  as  long  as 
body  of  sternite,  indistinctly  margined,  and 
located  anterad  of  center. 

Female. — Length  1.85  mm.  Body  2.14  X 
as  long  as  broad.  Pronotum  0.84  X  as  long 
as  broad.  Elytra  1.40  X  as  long  as  broad 
and  1.88  X  as  long  as  pronotum.  Sternite 
III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  reddish  or  reddish 
brown;  elytra  yellowish  to  black,  almost 
always  with  some  reddish  posteriorly,  and 
usually  black  with  the  posterior  half  red- 
dish. Size  and  dimensions  vary  as  follows 
in  a  series  of  18  <j  6  and  21  9  9  from  2  mi. 
SW  Patagonia,  Arizona:  TLmm:  c^  1.42- 
2.00   (1.70  ±0.043),    9    1.45-1.87    (1.71± 
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0.024);  TL  EW  6  1.97-2.22  (2.09  ±  0.022), 
9  2.00-2.23  (2.11  +  0.014);  PL  PW  i 
0.77-0.95  (0.87  ±  0.014),  9  0.84-0.96  (0.91  ± 
0.006);  EL  EW  6  1.28-1.42  (1.36  ±  0.012), 
9  1.28-1.44  (1.35  ±  0.010);  EL  PL  s  1.71- 
2.00  (1.86  ±0.023),  9  1.68-2.00  (1.78± 
0.016).  Total  size  range  in  material  exam- 
ined 1.42-2.00  mm. 

Paratiipcs. — ARIZONA:  23,  same  data  as 
h()l{)t\pe  [MCZj;  14,  same  locality,  Jan.  29, 
1961,'  Lot  757  J.  F.  Lawrence  (C.  W. 
O'Brien,  coll.),  ex  Poli/ponis  ^^ilvtis  on  Poj)- 
ulu.s  Frcmontii  [MCZ]. 

Distribution. — Southeastern  Arizona  to 
southern  Sinaloa  (see  Fig.  29).  About  45 
specimens  examined  from  the  following  lo- 
calities: UNITED  STATES:  ARIZONA: 
2  mi.  SVV  Patagonia;  MEXICO:  SINA- 
LOA:   8  mi.  \\'  El  Palmito  [MCZ]. 

Ilofit  fung,i. — Polyponis  iiilmis  [3(3)]. 

Discus.sion. — This  is  a  large  and  very 
distinct  species  in  which  \]\v  elytra  are  ex- 
panded apically  and  both  the  pronotum  and 
the  frontoclypeal  ridge  are  simple  in  the 
male.  It  is  similar  to  C.  (Jixicn.sis  in  having 
a  large,  transversely  oval,  abdominal  pore, 
fine  and  sparse  pronotal  and  coarse  and 
dense  elytral  punctation,  but  that  species  is 
much  smaller  with  subparallel  elytra.  C. 
multij)unct(itiis  has  a  similarly  declined  pro- 
notal disc,  which  is  finely  and  sparsely 
jiunctatc  and  rounded  apically  in  the  male, 
but  in  tJiat  sjK'cies  the  antennae  are  9-seg- 
mcntcd,  the  elytral  punctation  is  single,  and 
the  abdominal  j^ore  is  smaller  and  circular. 

The  species  has  been  collected  only  in 
southern  Arizona  and  southern  Sinaloa,  and 
in  both  localities  it  was  breediiig  iu  Poli/- 
porns  i:ilru\.  an  oi aiiuc-biow  n  luiigus  which 
may  represent  its  lieadquarters.  Although 
the  range  ol  tlic  species  traverses  the  more 
arid  portions  of  northwestern  Mexico,  it  is 
probable  that  C.  ohrioii,  unlike  C.  (li.xicnsis, 
prefers  more  mesic  en\ironments  and  is 
absent  from  most  ol  tlic  iulciNciiing  area, 
i^oth  ol  the  localities  Iroiii  wliieh  it  is 
recorded  occur  iu  regious  of  high  suninier 
rainfall,  and  the  host  bmgus  is  most  coin- 
nioiily  eueoiuitered  in  tjie  more  humid  jiarts 


of  North  America,  such  as  the  southeastern 
United  States  or  the  California  coast,  and  in 
tropical  Mexico. 

The  species  is  named  in  honor  of  Mr. 
Charles  \Y.  O'brien,  whose  collecting  ef- 
forts have  contributed  greath'  to  m\'  studies 
of  the  Ciidae. 

Ceracis  powelli  NEW  SPECIES 
Fig.   23 

Holotijpc—  A  ,  ARIZONA:  Rustler  Park, 
8  mi.  W  Portal,  Cochise  Co.,  Aug.  3,  1961, 
Lot  892  J.  F.  Lawrence,  ex  Polijporus  ahic- 
tinti.s  on  conifer  [MCZ,  No.  31286].  Allo- 
type,  9  ,  same  data  [MCZ]. 

Male. — Length  1.47  mm.  Bod)-  2.36  X  as 
long  as  broad.  Irlead  and  prothorax  dark 
reddish  brown;  elytra,  pectus,  and  abdomen 
blackish;  legs,  antennal  funicle,  and  palpi 
yellowish  brown,  antennal  club  dark  brown. 
Vertex  with  a  shallow,  circular,  median  im- 
pression; frontoclypeal  ridge  weakly  pro- 
duced and  emarginate,  forming  2  rounded 
tubercles.  Antennae  9-segmented;  segment 
III  2  X  as  long  as  IV.  Pronotum  0.86  X  as 
long  as  broad,  widest  at  posterior  third; 
sides  gradually  converging  anteriorly;  ante- 
rior edge  weakly  produced  and  shallowlv 
emarginate;  surface  distinctly  granulate; 
punctures  about  0.10  X  as  large  as  scutellar 
base  and  separated  by  1.0  to  1.5  diameters. 
Elytra  1.60  X  as  long  as  broad  and  2.10  X 
as  long  as  i)r()n()tum;  sides  subparallel  ante- 
riorly, gradual!)  converging  posteriorly; 
punctation  dual  and  confused,  coarser  and 
deus(M-  than  jirouotal  punctation,  the  punc- 
tures usual l\  separated  by  less  than  1  diam- 
eter, beconn'ng  confluent  anteriorl\-,  so  that 
tlu>  surface  appcnus  rugose.  Metastt-rnnni 
0.62  X  as  long  as  w  id(>;  suture  absent.  Ab- 
domen 0.93  Xas  long  as  wid(>  at  base;  ster- 
nite  111  with  a  circular,  median,  setigerous 
porc\  which  is  0.30  X  as  long  as  bod\  of 
sternite,  distijictK  margined,  and  located 
posterad  ol  center. 

/•V'///r//r.— L(Migth  1.22  nun.  i^od)'  2.33  X 
as  long  as  broad.  \'ertc>\  slightly  convex; 
IrontocK  p(-al  ridge  sinijile.  i'ronotuni  0.94  X 
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as  long  as  broad;  anterior  edge  rounded. 
Elytra  1.57  X  as  long  as  broad  and  2.06  X 
as  long  as  pronotum.  Sternite  III  without  a 
setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  either  dark  reddish 
brown  to  black  or  reddish;  elytra  yellowish 
to  black,  usually  black  with  varying  amounts 
of  red  posteriorly.  All  specimens  from 
southern  Arizona  have  a  dark  pronotum, 
whereas  about  t\\'o-thirds  of  the  specimens 
from  Durango  have  a  reddish  pronotum. 
Most  individuals  have  a  reddish  fascia 
along  the  posterior  part  of  the  elytral  suture, 
but  in  some  specimens  the  entire  apex  is 
reddish.  Pronotum  in  smaller  males  is  in- 
distinguishable from  that  of  females,  but  in 
larger  specimens  the  anterior  edge  is  dis- 
tinctly emarginate.  Size  and  dimensions 
vary  as  follows  in  a  series  of  20  S  S  and 
20  5  9  from  14  mi.  S\\'  El  Salto,  Durango, 
Mexico:  TLmm:  6  1.22-1.55  ( 1.41± 
0.021),  9  1.07-1.57  (1.36  ±0.030);  TL 
EW  c^  2.26-2.46  (2.35  +  0.011),  9  2.21- 
2.45  (2.35  +  0.013);  PL/PW  s  0.85-0.95 
(0.90  ±0.007),  9  0.89-0.95  (0.92  ±0.005); 
EL/EW  6  1.52-1.62  ( 1.57  ±  0.006),  9 
1.46-1.64  (1.57  ±0.009);  EL  PL  6  1.94- 
2.10  (2.02  ±0.010),  9  1.94-2.11  (2.01  ± 
0.010).  Total  size  range  in  material  exam- 
ined:   1.07-1.57  mm. 

F«raf. ?//;c'.s.— ARIZONA:    6,  Rustler  Park, 

8  mi.  W  Portal,  Cochise  Co.,  Aug.  3,  1961, 
Lot  892  J.  F.  Lawrence,  ex  Fohiporus  ahic- 
tinus  on  conifer  [MCZ];   DURANGO:    9, 

9  mi.  E  La  Ciudad,  July  23,  1964,  Lot  1311 
J.  F.  Lawrence  (J.  Powell,  coll.),  ex  Fohj- 
poriis  pargamenus  on  Qiierciis  sp.  [MCZ]; 
200,  14  mi.  SW  El  Salto,  June  20,  1964,  E. 
E.  Lindquist,  coll.,  ex  ^^Pohiporus"  on  pine 
[CNC]. 

Distribution. — Southeastern  Arizona  and 
southern  Durango  ( see  Fig.  27 ) .  About  225 
specimens  examined  from  the  following 
localities:  UNITED  STATES:  ARIZONA: 
Miller  Canyon  (10  mi.  W  Hereford),  Rus- 
tler Park  (8  mi.  W  Portal);  MEXICO: 
DURANCO:  9  mi.  E  La  Ciudad,  14  mi. 
SW  El  Salto.    [CNC,  JFL,  MCZ.] 


Host  funu^i. — Pohjponis  abietimis  [2(1)]; 
Polijponis  parii^amcnus  [1]. 

Discussion. — This  is  an  elongate  and  nar- 
row species  with  weakly  developed  pronotal 
and  frontoclypeal  characters  in  the  male. 
It  is  superficially  similar  to  C.  dixiensis, 
from  which  it  differs  by  having  9-seg- 
mented  antennae,  somewhat  coarser  pro- 
notal punctation,  and  a  smaller,  circular 
abdominal  pore.  It  also  resembles  smaller 
specimens  of  C.  californicus,  from  which  it 
may  be  distinguished  by  the  somewhat  finer 
and  more  confused  elytral  punctation, 
shorter  3rd  antennal  segment,  and  the 
shorter  pronotum,  which  is  narrowed  ante- 
riorly. 

C.  poicelli  is  known  only  from  intermedi- 
ate and  high  elevations  in  the  mountains  of 
southern  Arizona  and  northern  Mexico 
(Huachuca  Mts.,  Chiricahua  Mts.,  and  Si- 
erra Madre  Occidental ) ,  where  it  has  been 
collected  in  association  with  Fohjporus  ahi- 
ctinus  on  pine  and  the  related  P.  par<:,a- 
menus  on  oak.  In  southern  Arizona,  the 
species  is  sympatric  with  both  C  dixiensis 
and  C.  ccdifornictis,  and  the  three  may  occur 
together  in  the  canyons  at  middle  eleva- 
tions. The  preference  of  C.  californicus  for 
species  of  Ganodcrma  and  of  C.  dixiensis 
for  Trametes  hispida  probably  reduces  com- 
petition among  the  three  species. 

This  species  is  named  for  Dr.  Jerry  A. 
Powell  who  has  collected  a  number  of  inter- 
esting Ciidae  in  western  North  America  and 
Mexico. 

Cerac/s  pullulus  (Casey)  NEW 
COMBINATION 
Fig.  22 

Ennearthron  piiUiiliint  Casey,  1898:  90;  Dury, 
1917:  25;  Blatchley,  1918:  54.  Type  locality: 
"Florida."    Holotype,    6  ,  Casey  Coll.,  USNM. 

PIesiotypcs.~S  and  9,  FLORIDA: 
Highlands  Hammock  State  Park,  Highlands 
Co.,  June  24,  1965,  Lot  1501  J.  F.  Lawrence, 
ex  Pohjporus  licnoides  [MCZ]. 

Male.—  Length  1.47  mm.  Body  2.56  X 
as  long  as  broad.   Head  and  prothorax  dark 
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reddish  brown;  elytra  blackish  with  a  nar- 
row reddish  band  along  suture;  ventral  sur- 
faces blackish;  legs,  antennal  funicle,  and 
palpi  brownish  yellow,  antennal  club  dark 
brown.  Vertex  with  a  deep,  transverse  im- 
pression, preceded  by  a  median  elevation; 
frontocK'peal  ridge  produced,  forming  a 
short,  broad,  slightly  concave  lamina,  which 
is  shallowly  emarginate  at  apex.  Antennae 
9-segmented;  segment  III  2  x  as  long  as  IV. 
Pronotum  1.09  X  as  long  as  broad,  widest 
at  middle;  sides  subparallel;  anterior  edge 
produced,  forming  a  flat,  slightly  elevated 
lamina,  which  is  deeply  emarginate,  giving 
the  appearance  of  2  slightly  divergent, 
rounded  horns;  disc  impressed  anteriorly 
just  behind  lamina  and  bearing  a  short, 
transverse  carina  on  each  side  of  it;  surface 
distinctly  granulate;  punctures  about  0.09  X 
as  large  as  scutellar  base  and  separated  by 
1.0  to  2.0  diameters.  Elytra  1.48  X  as  long 
as  broad  and  1.36  X  as  long  as  pronotum; 
sides  subparallel  for  three-fourths  of  their 
lengths  and  abruptly  conxerging  near  api- 
ces; punctation  dual  and  distinctly  seriate, 
the  larger  punctures  forming  relatively 
straight  rows.  Metasternum  0.52  X  as  long 
as  wide;  suture^  absent.  Abdomen  0.85  X 
as  long  as  wide  at  base;  sternite  III  with 
a  circular,  median,  setigerous  pore,  which 
is  0.33  X  as  long  as  body  of  sternite,  indis- 
tinctly margined,  and  located  posterad  of 
center. 

Female. — Length  1.42  mm.  Body  2.48  X 
as  long  as  broad.  Vertex  slightly  convex; 
frontoclypeal  ridge  simple.  Pronotum 
1.00  X  as  long  as  broad;  anterior  edge 
rounded.  Elytra  1.56  X  as  long  as  broad 
and  1.71  x  as  long  as  i)roii()tum.  Sternite 
III  without  a  setigerous  pore. 

Variation. — Color  of  jironotum  >'ellowish 
orange  to  black,  usualK'  dark  reddish 
brown,  often  with  the  aiK'x  reddish;  elytra 
yellowish  to  black,  usually  black  w  itli  some 
reddish  incsialK  along  the  suture.  In 
smaller  males,  tlie  pronotum  is  more 
rounded  laterall\  and  tlic  anterior  edg(>  is 
weakly  produced  and  emarginate,  forming 
2    a]-)provimatc,     subtriauu;ular    plates,      in 


larger  individuals  the  sides  of  the  pronotum 
are  subparallel  and  the  apex  is  strongly 
and  abruptly  produced  and  deeply  emargi- 
nate; the  resulting  horns  are  always  broad 
and  rounded  at  apices  and  may  be  sub- 
parallel  or  diverging.  Surface  of  pronotum 
may  be  lightly  or  more  distinctly  granulate. 
Size  and  dimensions  vary  as  follows  in  a 
series  of  28  $  6  and  20  9  9  from  High- 
lands Hammock  State  Park,  Florida  (Lot 
1501):    TLmm:     6   1.12-1.57  (1.38  ±  0.021), 

9     1.07-1.52    (1.34  +  0.025);    TL  EW     £ 
2.23-2.58  (2.44  ±  0.014),  9  2.15-2.48  (2.28  ± 
0.016);  PL  PW  i  0.95-1.11  (1.05  ±0.008), 

9  0.87-1.00  (0.93  ±0.006);  EL  EW  £ 
1.36-1.50  (1.43  ±  0.008),  9  1.35-1.56  (1.44  ± 
0.011);  EL  PL  i   1.30-1.58  (1.42  ±0.014), 

9  1.64-1.85  (1.73±  0.012).  Total  .size 
range  in  material  examined:  1.03-1.62  mm. 
Disfribution. — Southern  Coastal  Plain 
and  Gulf  Coast  of  North  America,  from 
North  Carolina  south  to  Florida  and  west  to 
Louisiana:  Greater  Antilles  from  Cuba  to 
Puerto  Rico  ( see  Fig.  28 ) .  About  400  speci- 
mens examined  from  the  following  local- 
ities: UNITED  STATES:  ALABAMA: 
Mobile;  FLORIDA:  Chipola  Park  (Dead 
Lake),  Enterprise,  Haulover,  Highlands 
Hammock  State  Park  (6  mi.  \\'  Sebring), 
Key  West,  2.5  mi.  SE  Lake  City,  7  mi.  SE 
Lake  City,  4  mi.  SE  Lake  Placid,  18  mi.  SE 
Paradise  Kev',  Pennekamp  State  Park  (Key 
Largo);  GEORGIA:  Savannah;  LOUISI- 
ANA: Audubon  State  Park,  4  mi.  S  Crosse 
Tete,  5  mi.  S  Livingston;  NORTH  CARO- 
LINA: Magnolia,  Randolph  Co.;  SOUTH 
CAROLINA:  Moncks  Corners.  Yemassee; 
WEST  INDIES:  CUBA:  Buenos  Aires 
(Trimdad  Mts. ),  Mina  Carlotta  (Trinidad 
Mts.),  Soledad  (Cienfuegos);  JAMAICA: 
Kingston;  PUERTO  RICO:  CMdra.  [ANSP, 
BMNIL  CAS,  GIN,  CXIIM,  JFC,  MCZ. 
USNM.l 

Host  juniii. — Poly j)oi lis  ,i;/7((/.v  [7(3)]; 
rolijporus  licnoides  [4(4)];  Canodvrnui 
zoiKiltiin  [4(2)];  Ganodcnnu  sp.  [2(2)]; 
Poliiponis  iodinus  [2(1)];  Polijjxirii.s  hyd- 
noidcs  [1  |;  Fonics  i^nidiiii.s  [1]. 

Disctission. — This    species    is    similai-    in 
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size,  form,  and  antennal  segmentation  to  C 
thoracicomis  and  C.  ciicuUatus,  but  it  is 
easily  distinguished  from  both  by  the  seriate 
ebtral  punetation.  C.  sinfiularis  also  has  the 
ehtral  punctures  arranged  in  distinct  rows, 
but  it  differs  from  C.  pnUulus  in  having  10- 
segmented  antennae  and  distinctive  pro- 
notal  horns  in  the  male. 

Assuming  that  the  Philadelphia  record  for 
C.  curius  is  erroneous,  Ceracis  ])ulhihi.s  is 
the  only  West  Indian  species  to  extend 
along  the  Southern  Coastal  Plain  as  far  as 
North  Carolina.  It  is  fairly  common  in  cen- 
tral Florida,  where  it  normally  occurs  on 
Pohjporus  gilvus  and  its  relatives.  In  these 
fungi  it  may  be  associated  with  Ceracis 
singularis,  C.  punctulatus,  and  Brachijcis 
hrevicoUis  Casey. 

In  a  series  of  about  100  specimens  col- 
lected on  Ganoderma  sp.  in  Pennekamp 
State  Park,  Key  Largo,  Florida,  no  males 
could  be  found.  It  is  possible  that  this  rep- 
resents a  parthenogenetic  population.  Par- 
thenogenesis is  known  in  at  least  one  other 
species  of  Ciidae,  Cis  fiiscipes  Mellie  (  Law- 
rence, 1967). 

Ceracis  punctulafus  puncfulafus  Casey 

Ceracis  piinctiilata  Casey,  1898:  90;  Durv,  1917: 
26;  Blatchley,  1918:  54.  Type  locality:  "Flor- 
ida."   Holotype,    <^  ,  Casey  Coll.,  USNM. 

Plesiotypes.—  6  and  9  ,  FLORIDA:  16 
mi.  W  Miami,  Dade  Co.,  June  28,  1965,  Lot 
1528  J.  F.  Lawrence,  ex  Polyporus  Jujd- 
noides  on  Casuarina  sp.  [MCZ]. 

A/o/e.— Length  1.42  mm.  Body  2.28  X 
as  long  as  broad.  Head  and  prothorax  red- 
dish brown;  elytra,  pectus,  and  abdomen 
brownish  black;  legs,  antennal  funicle,  and 
palpi  yellowish  brown,  antennal  club  dark 
brown.  Vertex  with  deep,  transverse  im- 
pression, preceded  by  a  median  elevation; 
frontoclypeal  ridge  produced,  forming  a 
short,  broad,  slightly  concave  lamina,  which 
is  shallowly  emarginate  at  apex.  Antennae 
8-segmented;  segment  III  2  X  as  long  as  IV. 
Pronotum  0.96  X  as  long  as  broad,  widest 
at  middle;  sides  weakly  rounded;  anterior 


edge  produced,  forming  a  flat,  slightly  ele- 
vated lamina,  which  is  deeply  emarginate, 
giving  the  appearance  of  2  slightly  diverg- 
ing, subtriangular  horns;  disc  impressed 
anteriorly  just  behind  lamina  and  bearing  a 
short,  transverse  carina  on  each  side  of  it; 
surface  lightly  granulate;  punctures  about 
0.11  X  as  large  as  scutellar  base  and  sepa- 
rated by  0.5  to  1.0  diameter.  Elytra  1.36  X 
as  long  as  broad  and  1.48  X  as  long  as  pro- 
notum; sides  subparallel  for  most  of  their 
lengths  and  abruptly  converging  near 
apices;  punetation  dual  and  confused, 
somewhat  finer  and  sparser  than  pronotal 
punetation,  the  punctures  often  separated 
by  1  diameter  posteriorly,  becoming  denser 
anteriorly.  Metasternum  0.55  X  as  long  as 
wide;  suture  barely  indicated  posteriorly. 
Abdomen  0.90  X  as  long  as  wide  at  base; 
sternite  III  with  a  circular,  median,  setig- 
erous  pore,  which  is  0.40  X  as  long  as  body 
of  steniite,  distinctly  margined,  and  located 
posterad  of  center. 

Female. — Length  1.37  mm.  Body  2.29  X 
as  long  as  broad.  Vertex  slightly  convex; 
frontoclypeal  ridge  simple.  Pronotum  0.95  X 
as  long  as  broad,  widest  behind  middle; 
anterior  edge  rounded.  Elytra  1.42  X  as 
long  as  broad  and  1.62  X  as  long  as  prono- 
tum.  Sternite  III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  reddish  brown  or 
dark  brown;  elytra  yellowish  to  black,  usu- 
ally dark  brown  or  black,  almost  always 
unicolored,  but  occasionally  reddish  poste- 
riorly near  the  suture  and  resembling  C. 
punctulatus  rubriculus.  The  most  com- 
monly observed  form  is  that  with  the  pro- 
notum dark  reddish  brown  and  the  elytra 
black.  Anterior  edge  of  pronotum  in  smaller 
males  barely  produced  and  emarginate,  so 
that  2  tubercles  are  formed;  in  larger  males 
the  pronotum  bears  2  distinct,  subtriangular 
horns,  which  may  be  diverging.  Size  and 
dimensions  vary  as  follows  in  a  series  of 
25  4  6  and  25  9  9  from  16  mi.  W  Miami, 
Florida  (Lot  1528):  TLmm:  i  1.20-1.55 
( 1.38  ±  0.022),  9  1.05-1.52  ( 1.33  +  0.022); 
TL/EW    i     2.1.3-2.38    (2.27  ±  0.014),     9 
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2.07-2.30  (2.19  ±0.013);  PL  PW  i  0.90- 
1.04  (0.95  ±0.006),  9  0.86-0.96  (0.92  ± 
0.006);  EL  EW  $  1.27-1.41  (1.35  ±0.008), 
Q  1.30-1.45  (1.36  ±0.009);  EL/PL  S 
1.37-1.63  (1.48  ±0.015),  9  1.55-1.76  (1.66  ± 
0.013).  Total  size  range  in  material  exam- 
ined:   1.05-1.65  mm. 

Distribution. — Apparently  restricted  to 
Florida  and  intergrading  with  rubriculus  in 
northern  Florida  and  Georgia  ( see  Fig.  34 ) . 
About  200  specimens  examined  from  the 
following  localities:  FLORIDA:  Archbold 
Biological  Station,  Biscayne,  Dunedin,  En- 
terprise, Highlands  Hammock  State  Park 
(6  mi.  W  Sebring),  13  mi.  N  Homestead,  7 
mi.  SE  Lake  City,  4  mi.  SE  Lake  Placid, 
Miami,  16  mi.  W  Miami,  Tampa.  Probable 
intergrades  seen  from  Chipola  Park  ( Dead 
Lake),  Calhoun  Co.,  Florida,  and  Savan- 
nah, Georgia.  [CIN,  CNHM,  CU,  JFL, 
MCZ,  UAL,  USNM.] 

Host  juuiii. — Pohjporus  hydnoides  [5(4)]; 
Polyporus  linwidcs  [2(2)];  Ganodcrma  zon- 
atuni  [2(1)];  Pohjporus  g/7r(/.v  [2];  Gano- 
dcrma sp.  [1]. 

Discussion. — This  species  is  very  similar 
to  Ceracis  saUci,  from  which  il  iiia\  hv  dis- 
tinguished by  the  soincwliat  coarser  and 
denser  pronotal  punctation  and  the  circular 
abdominal  pore  in  the  male.  C.  schacjfcri  is 
also  similar  in  general  appearance  but  dif- 
fers by  having  much  coarser  and  denser 
elytral  punctation  and  finer  and  sparser  pro- 
notal punctation.  The  typical  southern  form 
is  rare  in  collections  and  has  often  been 
confused  with  other  s|)ecies.  A  series  of 
s])ecimens  from  Massachusetts  were  deter- 
mined as  (' .  ])unctulatus  and  distributed  to 
\ari()us  museums  by  ('.  A.  Frost;  these  spec- 
imens are  all  C.  tniuutissinuis. 

Ceracis  punctidalus  is  distributed 
throughout  eastern  \orlh  America,  but  the 
t\pical  subspecies  occurs  onh'  in  central 
and  southern  Florida.  It  has  been  loiiiid 
brcc(hug  in  Pohjjxirus  liijdnoidcs  and  Gano- 
dcrnia  zouatuni.  where  it  was  associated 
with  Gcracis  s(dlci  and  C.  ntultipuudatus. 
and  in  Poliij)orus  licuoidcs.  along  with  ('. 
I)ullulus.    It  is  interesting  that  the  sonlheni 


race  occurs  with  the  related  C.  saUci  in  two 
different  fungi,  whereas  the  northern  race. 
ndmcidus,  has  never  been  collected  with 
that  species,  although  the  two  are  sympatric 
over  most  of  eastern  North  America. 

A  single  dark  specimen  was  collected  at 
Chipola  Park,  Florida,  along  with  9  typical 
bicolored  ruhriculus  on  P.  Li^ilvus,  and  a  few 
specimens  in  a  series  from  Savannah,  Geor- 
gia, have  the  red  color  on  the  elytra  very 
much  reduced.  These  probably  represent 
intergrades.  It  is  probable  that  C.  punctu- 
lafiis  punctulatus  represents  a  population 
isolated  in  central  Florida  during  the  Pleis- 
tocene inundation  of  the  Southern  Coastal 
Plain.  Howden  (1963)  discusses  the  effects 
of  these  Pleistocene  events  on  flightless 
Scarabaeidae.  The  black  phenot\'pe  appar- 
ently originated  in  and  spread  through  the 
island  population,  which,  upon  the  recon- 
nection  of  Florida  with  the  mainland, 
spread  northward  and  came  into  contact 
with  the  bicolored  northern  form.  Further 
collecting  in  Georgia  and  northern  Florida 
will  be  necessary  to  determine  the  extent 
to  which  the  two  forms  are  reproducti\  ely 
compatible. 

Ceracis  punctulatus  rubriculus  NEW 
SUBSPECIES 
Fig.    13 

Ceracis  sallri  Mollir   (in  part),  WViss,   1919:    144; 

Weiss   and    West,    1920:    S;    Weiss    ;uk1    West. 

1921:    169. 
Ceracis   sp.,    Calian,    1927:    oO;    Ciiixcs,    19n():    Wi 

( in  iiait ). 

Ifoloftjpc.—  s  ,  MISSOURI:  10  mi.  S 
Columbia,  Boone  Co.,  Aug.  26,  1964,  Lot 
1348  J.  F.  Lawrence,  c\\  Pohjporus  iidvus 
[MCZ,  No.  31283].  Allotype,  "?  ,  .same  data 
[MCZ]. 

A/r//c.— Length  1.52  mm.  Bodx  2.26  X  as 
long  as  broad.  Head  and  apex  of  pronotum 
reddish,  remainder  of  pronotum  dark  red- 
dish brown;  cKtra  black  anteriorly,  poste- 
rior three-fifths  reddish  orange;  prost(Mnum 
and  abdomen  dark  reddish  brown,  pectus 
black;  legs,  antenna!  Inniele.  and  palpi 
brow  nisi)  xcllow  .  anlenual  club  dark  brow  n. 
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Vertex  with  a  deep,  transverse  impression, 
preceded  l)y  a  median  elevation;  frontoclyp- 
eal  ridge  produced,  forming  a  short,  broad, 
sHghtly  concave  lamina,  which  is  shallowly 
emarginate  at  apex.  Antenna  8-segmented; 
segment  III  2  X  as  long  as  IV.  Pronotiim 
0.93  X  as  long  as  broad,  widest  at  middle; 
sides  weakly  rounded;  anterior  edge  pro- 
duced, forming  a  flat,  slightly  elevated 
lamina,  which  is  deeply  emarginate,  giving 
the  appearance  of  2  subtriangular  horns; 
disc  impressed  anteriorly  just  behind  lam- 
ina and  bearing  a  short,  transverse  carina 
on  each  side  of  it;  surface  lightly  granulate; 
punctures  about  0.12  X  as  large  as  scutellar 
base  and  separated  by  0.5  to  1.0  diameter. 
Elytra  1.33  X  as  long  as  broad  and  1.44  X 
as  long  as  pronotum;  sides  subparallel  for 
three-fourths  of  their  lengths  and  abruptly 
converging  near  apices;  punctation  dual 
and  confused,  somewhat  finer  and  sparser 
than  pronotal  punctation,  the  punctures 
often  separated  by  1  diameter  posteriorly, 
becoming  denser  anteriorly.  Metastemum 
0.50  X  as  long  as  wide;  suture  barely  indi- 
cated posteriorly.  Abdomen  0.87  X  as  long 
as  wide  at  base;  sternite  III  with  a  circular, 
median,  setigerous  pore,  which  is  0.41  X 
as  long  as  body  of  sternite,  distinctly  mar- 
gined, and  located  posterad  of  center. 

Female. — Length  1.50  mm.  Body  2.14  X 
as  long  as  broad.  Vertex  sHghtly  convex; 
frontoclypeal  ridge  simple.  Pronotum  0.88  X 
as  long  as  broad,  widest  behind  middle;  an- 
terior edge  rounded.  Elytra  1.36  X  as  long 
as  broad  and  1.73  X  as  long  as  pronotum. 
Sternite  III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usualy  dark  reddish  brown 
or  black,  often  with  the  apex  reddish;  ely- 
tra yellowish  to  black,  almost  always  black 
with  a  reddish  orange,  posteromesal  patch, 
which  varies  in  size  but  usually  occupies 
less  than  two-thirds  of  the  dorsal  surface, 
occasionally  reduced  as  in  C.  punctulatu.s 
piincttdatti.s.  Anterior  edge  of  pronotum  in 
smaller  males  barely  produced  and  emargi- 
nate, so  that  2  tubercles  are  formed;  in 
larger  males  the  pronotum  bears  2  distinct, 


subtriangular  horns,  which  may  be  sub- 
parallel  or  diverging.  Size  and  dimensions 
vary  as  follo\\'s  in  a  series  of  36  6  S  and 
35  9  9  from  10  mi.  S  Columbia,  Missouri 
(Lot  1348):  TLmm:  ,^.27-1.70  ( 1.44  ± 
0.017),  9  1.25-1.55  (1.42  ±0.012);  TL/ 
EW  c^  2.11-2.31  (2.21  ±0.010),  9  2.07- 
2.27  (2.17  ±0.007);  PL/PW  6  0.88-1.00 
(0.94  ±0.005),  9  0.84-0.96  (0.90  ±0.005); 
EL/EW  6  1.23-1.39  ( 1.32  ±  0.006),  9 
1.30-1.42  (1.37  ±0.005);  EL/PL  s  1.35- 
1.68  (1.49  ±0.012),  9  1.56-1.89  (1.72  ± 
0.012).  Total  size  range  in  material  exam- 
ined:   1.20-1.75  mm. 

Paiatype.s.~70,  MISSOURI:  same  data 
as  holotype  [MCZ]. 

Distribution. — Eastern  United  States, 
from  Michigan  and  southern  Vermont  to 
southern  Texas  and  northern  Florida,  east 
of  the  100th  meridian;  a  single  specimen 
recorded  from  western  Cuba  ( see  Fig.  34 ) . 
About  800  specimens  examined  from  the 
following  localities:  UNITED  STATES: 
ALABAMA:  Mobile,  10  mi.  S  Mobile, 
Selma;  ARKANSAS:  Hope,  Washington 
Co.;  DISTRICT  OF  COLUMBIA:  Wash- 
ington, Takoma  Park;  FLORIDA:  Chipola 
Park  ( Dead  Lake  ) ;  GEORGIA :  Savannah, 
Waycross;  ILLINOIS:  Carterville,  Glen 
View,  Piano,  Springfield,  Urbana,  Willow 
Springs;  INDIANA:  Beverley  Shores,  Dune 
Areas  ( Porter  Co. ) ,  Thayer;  IOWA:  Cedar 
Rapids;  KANSAS:  5  mi.  S  Lawrence;  KEN- 
TUCKY: near  Cincinnati,  Mammoth  Cave 
National  Park;  LOUISIANA:  Audubon 
State  Park,  4  mi.  S  Crosse  Tete,  Harahan, 
5  mi.  S  Livingston;  MARYLAND:  Belts- 
ville,  Bladensburg,  Branchville,  College 
Park,  Great  Falls,  Jackson's  Island,  Plum- 
mer's  Island,  Sparrows  Point;  MASSACHU- 
SETTS: Naushon  Island;  MICHIGAN: 
Ann  Arbor,  Lapeer  State  Game  Area,  Rich- 
field Center;  MISSISSIPPI:  15  mi.  N  Ack- 
erman,  Lucedale,  4  mi.  W  Starkville; 
MISSOURI:  3  mi.  SW  Arbor,  10  mi.  S 
Columbia,  St.  Louis;  NEW  JERSEY:  An- 
glesea,  Arlington,  Chester,  Clementon,  Mid- 
dlebush,  Midvale,  Montclair,  Springfield; 
NEW  YORK:    Fort  Niagara,  Ithaca,  Mo- 
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sholu.  New  Rochelle,  New  York,  Staten 
Island,  West  Point,  Orient;  NORTH  CAR- 
OLLNA:  Beaufort,  1  mi.  SW  Brevard, 
Joyce  Kilmer  Forest,  Magnolia,  Raleigh, 
%  mi.  SE  Rocky  Knob,  Southern  Pines, 
Tryon;  OHIO:  Cincinnati;  PENNSYLVA- 
NIA: Chestnut  Hill,  Easton,  Harrisburg, 
Mt.  Moriah,  Twin  Lakes,  Upper  Darby, 
W'issahickon  Cr.;  SOUTH  CAROLINA: 
Pawley's  Beach;  TENNESSEE:  Bledsoe 
State  Forest,  Gatlinburg;  TEXAS:  Browns- 
ville, Iluntsville,  Kerrville,  San  Antonio, 
Wallisville;  VIRGINIA:  Arlington,  Clap- 
ham  Junction,  Falls  Church,  Occoquan; 
VERMONT:  East  Dorset;  WEST  INDIES: 
CUBA:  Banos  de  San  Vicente.  [AMNH, 
ANSP,  BMNH,  CAS,  CIN,  CNC,  CNHM, 
INHS,  JFC.  JFL,  KU,  MCZ,  UAL,  UCD, 
USNM.] 

Host  ft(ngi. — Poly  poms  iiilcus  [.32(13)]; 
PoJijporus  hydnoides  [2];  Ganodenna  hi- 
cidum  [1];  Ganodenna  sp.  [1];  FoJyporus 
radiatus  []];  Fomes  fonientariiis  [1];  Pohj- 
ponis  adustus  [1];  Polyporns  hirsutus  [1]; 
Poly))onis  parii,amcnus  [1]. 

Discussion. — This  subspecies  dillers  from 
C.  punctulatus  punctulatus  mainly  in  the 
color  of  the  elytra,  which  are  reddish  orange 
posteriorly.  C.  punctidatus  nihriculus  has 
often  been  confused  with  C.  sallci  in  collec- 
tions and  in  the  literature^,  because  of  the 
similarity  oi  coloration  between  the  two. 
C.  .saJk'i  also  has  bicolored  elytra,  but  the 
reddish  coloi-  is  usually  more  extensive, 
occupying  two-thirds  ol  the  surlacc,  and  the 
pronotum  is  often  more  reddish.  In  addi- 
tion, C.  sallei  has  finer  and  sparser  pronotal 
punclatioii  and  a  transverse  abdominal 
pore.  A  nnmber  of  Weiss'  records  of  C'. 
sallei  are  based  on  specimens  of  ruhricidus. 

('.  piniclulaliis  nd)iieultis  ranges  over 
most  ol  eastern  North  America  and  inter- 
grades  with  (\  piinchdahis  ])uneiuUilus  in 
Georgia  and  northern  I'lorida.  It  is  more 
common  in  llic  sonthcrn  part  ol  the  range 
and  lias  not  Ixcii  collected  in  Canada  or 
noil  Ik  111  \(w  l*]ngland.  The  single  speci- 
men apparently  found  on  /'.  paiii,anientis  in 
\"ermont  ma\'  lie  a  eon'aminant  from  a  col- 


lection from  Naushon  Island,  Massachusetts 
— the  two  were  stored  together  for  a  time 
in  Vermont.  A  specimen  of  ruhriculus  from 
western  Cuba  may  represent  a  recent  dis- 
persal from  southern  Louisiana. 

There  is  good  evidence  for  a  strong  pref- 
erence for  Pohji)Oius  giJviis,  since  every 
other  record  above  consists  of  a  single  adult 
specimen.  This  beetle  is  the  most  common 
and  characteristic  inhabitant  of  P.  gilvus  in 
eastern  North  America,  and  it  may  be  found 
in  association  ^^'ith  Ceracis  singularis,  C. 
pulluliis,  BracJiycis  brevicoUis  Casey,  and 
the  tenebrionid  beetle  Platydema  eUipti- 
cum.  Throughout  the  same  area,  the  closely 
related  C.  sallei  occurs  almost  exclusively  on 
Ganoderma  apphnuitiini.  In  Florida,  how- 
ever, there  is  less  evidence  of  host  pref- 
erence in  either  species,  and  C.  .sallei  has 
been  collected  on  several  occasions  in  the 
same  fruiting  body  with  C.  punctulatus 
punctulatus.  I  think  this  suggests  that  host 
specificity  played  an  important  role  in  the 
evolution  of  .sallei  and  punctidatus  (the 
original  monotypic  species  )  from  a  common 
ancestor  and  that  the  situation  in  Florida 
represents  a  secondary  breakdown  of  this 
mechanism.  If  the  two  ancestral  popula- 
tions had  become  geographically  isolated 
long  enough  to  produce  a  divergence  in 
their  genetic  systems  and  then  had  reestab- 
lished contact,  the  exolution  of  a  different 
food  preference  in  each  would  greatly  re- 
duce the  incidence  of  cross  breeding  and 
the  accompanying  disadvantages  of  Inbrid 
in\  lability  or  hybrid  sterilit> .  \Mien  these 
patterns  of  host  selection  behavior  had 
become  fixed,  the  two  species  were  free  to 
spr(>ad  throughout  eastern  North  America 
and  become  completely  sympatric  but  eco- 
logicalK  isolated.  Both  species  spread  into 
Morida,  and  then  in  the  Pleistocene  the 
hlorida  populations  were  isolated  from  the 
mainland.  This  isolation  from  th(>  main 
gene  pool,  which  was  accompanied  b\  a 
relati\("l\  rapid  morphological  change 
(decrease  in  si/e  in  sallei),  may  have  also 
led  to  changes  in  food  preference.  If  the 
two   species   were   now    reproductivcK    in- 
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compatible,  perhaps  through  differences  in 
sexual  behavior,  then  there  would  be  no 
selective  pressure  against  the  development 
of  similar  food  preferences.  The  genetics  of 
island  or  founder  populations  is  discussed  at 
length  in  Mayr  (1963). 

The  name  riibnciihis  is  derived  from  the 
Latin  ruber,  red,  and  the  Latin  cuius, 
rump. 

Ceracis  quadricornis  Gorham 
Fig.   17 

Ceracis  ciuadricurni.s  Cioiliain,  1(S86:  359.  Type 
locality:  "Mexico,  Tuxtla."  Holotype,  $, 
BMNH. 

Plesiotypes. —  6  and  9  ,  TEXAS :  Browns- 
ville, H.  S.  Barber,  coll.,  ex  Gonoderma 
pseudobolctus  [USNM]. 

x'V/fl/e.— Length  1.27  mm.  Body  2.55  x  as 
long  as  broad.  Head  and  apex  of  pronotum 
reddish  brown,  remainder  of  pronotum 
blackish  brown;  elytra  and  ventral  surfaces 
dark  reddish  brown;  legs,  antennal  funicle, 
and  palpi  yellowish  brown,  antennal  club 
dark  brown.  Vertex  with  a  moderately 
deep,  transverse  impression,  preceded  by  a 
median  elevation;  frontoclypeal  ridge  pro- 
duced, forming  a  short,  broad,  slightly 
concave  lamina,  which  is  shallowly  emargi- 
nate  at  apex.  Antennae  8-segmented;  seg- 
ment III  2  X  as  long  as  IV.  Pronotum 
1.10  X  as  long  as  broad,  widest  at  anterior 
third;  sides  gradually  converging  posteri- 
orly; anterior  edge  produced  and  deeply 
emarginate,  forming  2  divergent,  slightly 
elevated  horns,  which  are  weakly  carinate 
abo\'e  and  narrowly  rounded  at  apices; 
disc  slightly  impressed  just  behind  and  be- 
tween the  horns  and  bearing  a  short,  trans- 
verse carina  laterad  of  each;  surface  dis- 
tinctly granulate;  punctures  about  0.07  X 
as  large  as  scutellar  base  and  separated  by 
1.0  to  1.5  diameters.  Elytra  1.53  X  as  long 
as  broad  and  1.32  X  as  long  as  pronotum; 
sides  subparallel  for  most  of  their  lengths, 
abruptly  converging  near  apices;  punctation 
dual  and  confused,  coarser  and  denser  than 
pronotal  punctation,  the  punctures  usually 


separated  by  less  than  1  diameter.  Meta- 
sternum  0.53  X  as  long  as  wide;  suture 
barely  indicated  posteriorly.  Abdomen 
0.81  X  as  long  as  wide  at  base;  sternite  III 
with  a  circular,  median,  setigerous  pore, 
which  is  0.23  X  as  long  as  body  of  sternite, 
indistinctly  margined,  and  located  posterad 
of  center. 

Female. — Length  1.20  mm.  Body  2.40  X 
as  long  as  broad.  Vertex  somewhat  flat- 
tened; frontoclypeal  ridge  simple.  Pro- 
notum 1.00  X  as  long  as  broad,  widest  be- 
hind middle;  anterior  edge  rounded.  Elytra 
1.50  X  as  long  as  broad  and  1.67  X  as  long 
as  pronotum.  Sternite  III  without  a  setig- 
erous pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  dark  reddish  brown 
or  blackish,  with  the  apex  reddish;  elytra 
yellowish  to  black,  usually  dark  reddish 
brown  or  black.  Sides  of  pronotum  in  fe- 
males and  smaller  males  subparallel  or 
slightly  converging  anteriorly;  in  larger 
males  the  sides  diverging  to  apical  third. 
Anterior  edge  of  pronotum  in  smaller  males 
bearing  2  approximate  teeth;  in  larger  males 
these  are  represented  by  2  distinct  horns, 
which  may  be  flat  or  carinate  and  straight 
or  slightly  diverging.  Size  and  dimensions 
vary  as  follows  in  a  series  of  14  <:5  i  and 
14  ?  9  from  Brownsville,  Texas:  TLmm: 
6  1.05-1.32  (1.17  ±0.022),  9  0.97-1.20 
(1.09  ±  0.019);  TL/EW  6  2.44-2.67  (2.57  ± 
0.021),  9  2.35-2.55  (2.43  ±  0.014);  PL/ 
PW  S  1.05-1.15  (1.09  ±0.008),  9  0.93- 
1.00  (0.97  ±  0.008);  EL/EW  S  1.44-1.55 
(1.50  ±0.008),  9  1.50-1.61(1.55^0.010); 
EL  PL  6  1.30-1.47  (1.40  ±0.015),  9  1.67- 
1.86  ( 1.74  ±  0.014 ).  Total  size  range  in  ma- 
terial examined:    0.96-1.35  mm. 

Distribution. — Southern  Texas,  through 
eastern  and  southern  Mexico  and  as  far 
south  as  Costa  Rica  (see  Fig.  30).  About 
275  specimens  examined  from  the  following 
localities:  UNITED  STATES:  TEXAS: 
Brownsville;  MEXICO:  CHIAPAS:  24 
mi.  NW  Huixtla,  9  mi.  N  Arriaga;  OAXACA: 
48  mi.  E  La  Ventosa;  PUEBLA:  29  mi.  E 
Xilotepec;  TAMAULIPAS:  Tampico;  VER- 
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ACRUZ:  El  Fortin,  Tuxpango,  San  Juan 
de  la  Punta,  Tierra  Blanca,  9  mi.  NE  Pa- 
niico,  Tejeria,  Cordova,  Veracruz,  Tuxtla, 
Cotaxda  Experiment  Station;  CENTRAL 
AMERICA:  COSTA  RICA:  4  mi.  N 
Canas,  Turrialba;  GUATEMALA:  4  mi.  E 
Cuilapa,  6  mi.  E  Esquintla;  NICARAGUA: 
20  mi.  SE  Leon,  5  mi.  N  Esteli.  [BMNH, 
CAS,  CNHM,  JFL,  MCZ,  USNM.] 

Ilo.st  funiii. — Pohjponi.s  occidental  is-  [5 
(3)];  Polyponi.s  hirsutu.s-  [2(1)];  Polyponis 
maximu.s  [2(1)];  Polyporu.s  hydnoides  [2(1)]; 
Tramete.s  corrti[i,afa  [1(  1)];  Lenzifcs  striata 
[1(1)];  Ganoderma  sp  [  1  ] . 

Discussion. — This  is  a  very  small,  narrow, 
and  elongate  species  with  2  narrow,  diverg- 
ing pronotal  horns  in  the  male.  The  general 
form  and  secondary  sexual  characters  are 
similar  to  C.  thoracicornis  and  C.  Incornis, 
both  of  which  have  9-segmented  antennae. 
The  elytral  punctation  is  similar  to  that  in  C. 
minutus,  but  that  species  is  shorter  and 
broader  in  form.  C.  di.xiensis  and  C.  minti- 
tissinius  differ  by  having  coarser  and  denser 
elytral  punctation  and  different  pronotal 
modifications  in  the  male. 

Ceracis  quadricornis  is  a  tropical  Mexican 
species  which  extends  into  the  United  States 
onU  as  far  as  southern  Texas.  Although  the 
Texas  series  was  taken  on  an  unknown 
C.anoderma  ( "pseudoboletus" ) ,  Mexican 
records  indicate  that  the  species  prefers 
fungi  in  the  Polyporus  versicolor  group, 
such  as  /'.  occidenfalis,  P.  hirsiitus,  and  P. 
maximus. 

Ceracis  sallei  Mellie 
Fig.   11 

Eniu'ctrtliroH  (Ceracis)  .saltci  Mellie,  1848:  377, 
pi.  12,  fi«.  22;  Casey,  1898:  90;  Blatchlev, 
1910:  900;  D.iry,  1917:  26.  Type  loeality: 
"Xoiivelle-Oileans."  Leet()t\pe,  i  ,  Ober- 
lluir  Coll.    (Salle  Coll.),  MNHN. 

Ceracis  sp.   (in  part),  Clraves,   I960:   66. 

Plesiofypes.— 6  and  ?,  MASSACHU- 
SETTS: Belmont,  Middlesex  Co.,  July  3, 
1966,  Lot  1SI6  J.  V.  Lawrence,  ex  Gano- 
derma a])phnuil\nn  [MCZ]. 

A/r//r.— Lenglli  1.72  mm.    I^()d\-  2.38  X  as 


long  as  broad.  Head,  maxillary  palpi,  and 
pronotum  reddish  brown;  anterior  third  of 
elytra  blackish  brown,  posterior  two-thirds 
reddish  vellow;  ventral  surfaces  blackish; 
legs  and  antennal  funicle  brownish  yellow, 
antennal  club  brownish.  Vertex  with  a 
moderately  deep,  transverse  impression, 
preceded  by  a  median  elevation;  fronto- 
clypeal  ridge  produced,  forming  a  short, 
broad,  slightly  concave  lamina,  which  is 
shallowly  emarginate  at  apex.  Antennae 
8-segmented;  segment  III  2  X  as  long  as  IV. 
Pronotum  1.00  X  as  long  as  broad,  widest 
at  middle;  sides  subparallel;  anterior  edge 
produced,  forming  a  flat,  slightly  elevated 
lamina,  which  is  deeply  emarginate,  giving 
the  appearance  of  2  slightK'  divergent,  sub- 
triangular  horns;  disc  impressed  anteriorly 
just  behind  lamina  and  bearing  a  short, 
transverse  carina  in  each  side  of  it;  surface 
distinctly  granulate;  punctures  about  0.10  X 
as  large  as  scutellar  base  and  separated  by 
0.75  to  1.25  diameters.  Elytra  1.38  X  as  long 
as  broad  and  1.38  X  as  long  as  pronotum; 
sides  subparallel  for  three-foiu-ths  of  their 
lengths  and  abruptly  converging  near  ap- 
ices; punctation  dual  and  confused,  about 
as  coarse  and  dense  as  pronotal  punctation, 
the  punctures  somewhat  denser  anteriorly. 
Metasternum  0.64  X  as  long  as  wide;  suture 
about  0.18  X  as  long  as  median  length  of 
sternite.  Abdomen  0.84  X  as  long  as  wide 
at  base;  sternite  III  with  a  transxerse,  me- 
dian, setigerous  pore,  which  is  0.83  X  as 
long  as  \\  ide,  0.45  X  as  long  as  body  of 
sternite,  indistincth  margined,  and  located 
posterad  of  center. 

Female.— \.eng\.h  1.52  mm.  Body  2.18  X 
as  long  as  broad.  Wrtex  slightK'  convex; 
Irontoclypeal  ridge  simple.  Pronotum  0.96  X 
as  long  as  broad;  anterior  edge  rounded. 
Elytra  1.32  X  as  long  as  broad  and  1.54  X 
as  long  as  pronotum.  Sternite  III  without  a 
setigerous  pore. 

Variation. — Color  of  pronotum  xcllowish 
orange  to  blackish,  usually  either  rcnldish 
or  dark  reddish  browii;  cKtra  \ellowish  to 
black,  with  the  posterior  portion  reddish  or 
reddish   yellow.     The    pronotum    is   almost 
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always  ligliter  in  color  than  the  posterior 
part.  The  reddish  pigment  on  the  elytra 
varies  considerably,  Init  it  usnally  occupies 
more  than  half  of  the  surface  and  often 
extends  almost  to  the  base  mesially.  Smaller 
males  have  the  sides  of  the  pronotum  more 
rounded  and  the  anterior  edge  barely  emar- 
ginate,  while  larger  specimens  tend  to  have 
a  parallel-sided  pronotum  with  a  distinct 
lamina  anteriorly.  The  lamina  varies  in  its 
width  and  in  the  depth  and  shape  of  the 
emargination,  so  that  2  small  triangular 
teeth,  2  broad  rounded  horns,  or  2  narrower 
diverging  horns  may  be  formed.  In  smaller 
individuals,  the  lamina  may  be  less  abrupt 
laterally  and  the  transverse  carinae  may  be 
absent.  Size  and  dimensions  vary  as  fol- 
lows in  a  series  of  25  6  S  and  25  9  9  from 
Belmont,  Massachusetts  (Lot  1816):  TLmm: 
9  1.2.5-1.72  (1.47  ±0.029),  9  1.12-1.67 
(1.42  ±  0.026);  TL  EW  6  2.0S-2.39  (2.27  ± 
0.017),  9  2.09-2.29  (2.20  ±  0.010);  PL  PW 
6  0.87-1.00  (0.97  ±0.007),  9  0.88-0.96 
(0.93  ±  0.005);  EL  EW  c^  1.25-1.43  (1.35  ± 
0.008),  9  1.28-1.43  ( 1.36  ±  0.008);  EL  PL 
6  1.37-1.65  (1.47  ±0.016),  9  1.50-1.74 
( 1.62  ±  0.013 ).  Total  size  range  in  material 
examined:     1.07-1.80  mm. 

Distribution. — Eastern  North  America, 
from  southern  Ontario  and  Quebec  to 
southern  Texas  and  Florida,  east  of  the 
100th  meridian  (see  Fig.  26).  About  850 
specimens  examined  from  the  following 
localities:  CANADA:  ONTARIO:  Font- 
hill,  Marmora,  Toronto;  QUEBEC:  La- 
noraie,  Montreal,  St.  Jean;  UNITED 
STATES:  ALABAMA:  Mobile;  ARKAN- 
SAS: Hope;  CONNECTICUT:  New  Ha- 
ven; FLORIDA:  Archbold  Biological  Sta- 
tion, Enterprise,  Highlands  Hammock  State 
Park  (6  mi.  W  Sebring ),  Jacksonville,  16  mi. 
W  Miami;  CEORGIA:  Cornelia,  Savan- 
nah, St.  Simons  Is.,  Waycross;  ILLINOIS: 
Antioch,  Carterville,  Chicago,  Des  Plaines, 
Fort  Sheridan,  Fox,  Frankfort,  Glen  Ellen, 
Glen  view.  Mound  City,  Oakwood,  Steger, 
White  Heath;  INDIANA:  Dune  Acres, 
Dune  Park,  Posey  Co.;  IOWA:  Cedar 
Rapids,     Iowa     City;     KANSAS:    Topeka; 


KENTUCKY:  Mammoth  Cave  National 
Park;  LOUISIANA:  4  mi.  S  Crosse  Tete, 
New  Orleans;  MARYLAND:  Berwyn; 
MASSACHUSETTS:  Boston,  Belmont, 
Concord,  Naushon  Island,  Springfield, 
Tewksbury;  MICHIGAN:  Genessee  Co., 
Lapeer  and  Irish  Rds.  (Lapeer  Co.);  MIS- 
SOURI: St.  Louis,  Willard;  NEBRASKA: 
no  specific  locality;  NEW  JERSEY:  Alpine, 
Hackensack;  NEW  YORK:  Buffalo,  De 
Bruce,  Hempstead,  Ithaca,  New  York,  Pike; 
NORTH  CAROLINA:  Raleigh;  OHIO: 
Cincinnati;  OKLAHOMA:  2  mi.  N  Atoka; 
PENNSYLVANIA:  Allegheny,  Easton,  Ger- 
mantown.  Glen  Olden,  Haverford,  Jeanette, 
Mt.  Airy,  Pittsburgh,  Tinicum  Is.,  Twin 
Lakes,  West  View;  TENNESSEE:  no  spe- 
cific locality;  TEXAS:  Harris  Co.,  Lee  Co., 
San  Antonio,  San  Diego,  Welder  Wildlife 
Refuge  (near  Sinton);  VERMONT:  East 
Dorset,  Manchester,  Peru;  VIRGINIA:  no 
specific  locahtv;  WEST  VIRGINIA:  Fair- 
mont; WISCONSIN:  Beaver  Dam,  Dela- 
van.  [AMNH,  ANSP,  CAS,  GIN,  CM,  CNC, 
CNHM,  CU,  INHS,  JFC,  JFL,  JS,  KU, 
MCZ,  MNHN,  UAL,  UCD,  USNM,  UW.] 

Host  fiiniii. — Ganodcrma  applanatnm 
[20(11)];  Ganodcrma  zonatum  [2(1)];  Po- 
hjporiis  hydnoidcs  [2(1)];  Ganodcrma  lu- 
cidum  [1];  Fomcs  sclcrodermeus  [1];  Fomes 
pinicola  [1]. 

Discussion. — This  is  a  moderately  short 
and  broad  species  with  8-segmented  anten- 
nae, and  it  most  nearly  resembles  C.  .simiJis, 
C.  .schacjfcri,  and  C.  punctulatus.  It  differs 
from  the  first  two  species  by  having  finer 
and  sparser  elytral  punctation  and  may  be 
distinguished  from  C.  punctulatus  by  its 
finer  and  sparser  pronotal  punctation  and 
slightly  transverse  abdominal  pore  in  the 
male.  C.  ca.stancipcnnis  is  also  somewhat 
similar  to  sallci  but  differs  in  the  elytral 
punctation,  which  is  single,  coarse,  and 
dense.  Because  of  the  similarity  in  color 
pattern,  this  species  has  often  been  con- 
fused with  C.  punctulatus  ruhriculus,  with 
which  it  is  broadly  sympatric.  Although 
there  are  some  differences  in  the  elytral 
coloration    and   the   form   of   the  pronotal 
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horns,  only  the  pronotal  punctation  and  the 
form  of  the  abdominal  pore  can  be  used  to 
consistently  separate  the  two  species. 

The  populations  of  C.  sallei  from  parts  of 
Florida  consist  of  somewhat  smaller  indi- 
viduals, but  the  differences  are  not  great 
enough  to  warrant  the  recognition  of  a  dis- 
tinct subspecies. 

Ceracis  sallci  is  one  of  the  more  common 
species  of  this  genus  in  eastern  North  Amer- 
ica, and  throughout  most  of  its  range  it 
occurs  on  the  fungus  Ganoclcnna  applano- 
tum.  In  the  northern  parts  of  the  continent, 
it  is  often  associated  with  Eridaulus  levettci 
(Casey)  and  the  tenebrionid  beetle  Boli- 
totlwrtis  cornutu.s-  Panz.  In  the  southern 
states  it  may  occur  with  Ceracis  niultipiinc- 
tatiis  and  C.  punctuJatus  punctulatus.  The 
evolution  of  host  specificity  in  C.  sallei  and 
C  punctulatus  is  discussed  in  the  section  on 
the  latter  species. 

Cerocis  schoefferi  Dury 
Fig.   14 

Cerucvi  scliacffcri  Dury,  1917:  25.  Type  locality: 
"Brownsville,  Texas."  Holotvpe,  S  ,  Durv 
Coll.,  CIN. 

Plesiotijpes. —  i  and  9,  TEXAS:  Browns- 
ville, II.  S.  Barber,  coll.,  ex  Ganoderma 
pseudoboletus   [ USNM ] . 

Male. — Length  1.55  mm.  Body  2.14  X  as 
long  as  broad.  Head  and  pronotum  red- 
dish; elytra  reddish,  grading  into  reddish 
brown  anteriorly;  ventral  surfaces  reddish 
brown;  legs,  antennal  funicle,  and  palpi 
yellowish  brown,  antennal  club  brownish. 
\'ertex  with  a  moderately  deep,  transverse 
impression,  preceded  by  a  median  eleva- 
tion; irontoclypeal  ridge  [iroduced,  forming 
a  short,  broad,  slightly  concave  lamina, 
which  is  shallowly  emarginate  at  apex.  An- 
tennae 8-segmented;  segment  III  3  X  as 
long  as  IV.  Pronotum  0.9.3  X  as  long  as 
broad,  widest  at  middle;  sides  subparallel; 
anterior  edge  weakly  produced,  forming  a 
very  short  and  broad,  (>levated,  subtrape- 
/oidal  lamina,  which  is  shallowly  emargi- 
nate at  apex;  disc  impressed  anteriorly  just 
behind  lamina;  surlace  distinctly  granulate; 


punctures  about  0.12  x  as  large  as  scutellar 
base  and  separated  by  0.75  to  1.50  diam- 
eters. Elytra  1.24  X  as  long  as  broad  and 
1.30  X  as  long  as  pronotum;  sides  subparal- 
lel for  three-fourths  of  their  lengths  and 
abruptly  converging  near  apices;  punctation 
dual  and  confused,  coarser  and  much  denser 
than  pronotal  punctation,  the  punctures 
usually  separated  by  less  than  0.50  diam- 
eter. Metasternum  0.59  X  as  long  as  wide; 
suture  absent.  Abdomen  0.76  X  as  long  as 
wide  at  base;  steniite  III  with  a  circular, 
median,  setigerous  pore,  which  is  0.35  X 
as  long  as  body  of  stemite,  distinctly  mar- 
gined, and  located  posterad  of  center. 

Female. — Length  1.55  mm.  Body  2.21  X 
as  long  as  broad.  Vertex  somewhat  flat- 
tened; frontoclypeal  ridge  simple.  Pronotum 
0.93  X  as  long  as  broad;  anterior  edge 
rounded.  Elytra  1.22  X  as  long  as  broad 
and  1.48  X  as  long  as  pronotum.  Sternite 
III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  blackish,  usually  reddish  and 
often  suffused  with  varying  amount  of 
black  or  brownish;  elytra  yellowish  to  black- 
ish, usually  reddish  posteriorly  and  blackish 
anteriorly.  Sides  of  pronotum  more  rounded 
in  females  and  small  males;  in  larger  males 
distinctly  parallel-sided.  Pronotal  lamina 
varies  according  to  size,  but  it  is  al^^'a^•s 
short,  broad,  and  distinctlv  elevated.  Size 
and  dimensions  vary  as  follows  in  a  series 
of  14  6  6  and  14  9  9  from  Brownsville, 
Texas:    TLmm:    ,0.25-1.55  (1.45  ±  0.023), 

9  1.20-1.57  (1.44  ±0.023);  TL  EW  c^ 
2.12-2.26  (2.17  -±  0.011),  9  2.09-2.25  (2.16  ± 
O.OIO);  PL  PW  i  0.88-0.96  (0.92  ±  0.007), 

9  0.90-0.96  (0.93  ±0.005);  ELEW  S 
1.24-1.33  (1.28  ±  0.007),  9  1.26-1.36  (1.30  ± 
0.007);  EL  PL  i   1.35-1.55  (1.45  ±0.015), 

9  1.42-1.56  (1.50  ±0.010).  Total  .size 
rang(>  in  material  (examined:  1.15-1.65  mm. 
Distribution. — Southern  Texas  and  east- 
ern Mexico  (si'c  Fig.  28).  About  150  speci- 
mens (examined  from  the  following  localities: 
IINITKD.STATKS:  TEXAS:  Brownsville, 
Columbus;  MKMCO:  NUEVO  LEON:  5 
mi.    S    Monterrev;    TAMAULIPAS:    Tam- 
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pico;  VERACRUZ:  3  mi.  N  Fortin.  [CAS, 
CNC,  JFL,  MCZ,  USNM.] 

Host  iun0. — Ganodcrma  sp.  [1]. 

Discussion. — This  is  a  short  and  Inoad, 
reddish  species  in  which  the  elytral  puncta- 
tion  is  much  coarser  and  denser  than  that  of 
the  pronotum.  It  resembles  C.  sallei,  with 
which  it  is  sympatric  in  southern  Texas, 
l)ut  it  is  easily  distinguished  from  that  spe- 
cies by  the  elytral  punctation  and  the  short 
pronotal  lamina  in  the  male.  It  appears  to 
be  most  closely  related  to  Ceracis  similis, 
but  the  latter  is  somewhat  more  elongate, 
with  a  more  prominent  pronotal  lamina  in 
the  male. 

Ceracis  scJmeffcri  is  another  tropical  Mex- 
ican species,  extending  from  southeastern 
Mexico  into  southern  Texas.  The  only 
known  host  is  an  unidentified  species  of 
Ganoderma.  The  closely  related  C.  simiJis 
occurs  in  western  Mexico  and  Baja  Califor- 
nia and  has  been  collected  on  species  of 
Ganoderma:  further  collecting  in  Mexico 
may  reveal  that  C.  schaejferi  is  an  eastern 
race  of  similis. 

Ceracis  singularis  (Dury)  NEW 
COMBINATION 
Fig.   12 

Xesto   sinotiJaii.s   Dury,    1917:    14.     Type    locality: 
"Cincinnati,  Ohio."    Types,  Dury  Coll.,  CIN. 
Ceracis  sp.   (in  part).  Graves,   1960:   66. 

Plesiotypes.— i  and  ?,  NORTH  CARO- 
LINA: 1  mi.  SW  Brevard,  Transylvania 
Co.,  June  21,  1962.  No.  150  R.  C.  Graves,  ex 
Polyponis  gilvtts  [MCZ]. 

Male.— Length  1.60  mm.  Body  2.29  X  as 
long  as  broad.  Head  and  apex  of  pronotum 
reddish,  remainder  of  pronotum  dark  red- 
dish brown;  elytra,  prosternum,  and  abdo- 
men reddish,  pectus  dark  reddish  brown; 
legs,  antennal  funicle,  and  palpi  brownish 
yellow,  antennal  club  dark  brown.  Vertex 
with  a  transverse  impression,  in  the  center 
of  which  is  a  deep,  circular  fovea;  fronto- 
clypeal  ridge  produced,  forming  a  short, 
l:)road,  slightly  concave  lamina,  which  is 
shallowly   emarginate   at   apex.     Antennae 


10-segmented;  segment  III  1.25  X  as  long 
as  IV.  Pronotum  0.96  X  as  long  as 
broad,  widest  behind  middle;  sides  broadly 
rounded;  anterior  edge  produced,  forming 
a  lamina  N\'hich  is  deeply  emarginate  api- 
cally  and  bears  a  short,  longitudinal  eleva- 
tion on  each  side,  giving  the  appearance  of 
2  rounded,  slightly  divergent  horns,  each 
bearing  a  dorsal  knob;  disc  impressed  ante- 
riorly between  the  2  knobs;  surface  dis- 
tinctly granulate;  punctures  about  0.10  X 
as  large  as  scutellar  base  and  separated  by 
1.0  to  2.0  diameters.  Elytra  1.39  x  as  long 
as  broad  and  1.56  X  as  long  as  pronotum; 
sides  subparallel  for  half  of  their  lengths 
and  gradually  converging  apically;  puncta- 
tion dual  and  distinctly  seriate,  the  large 
punctures  forming  relatively  straight  rows; 
interstices  convex,  giving  the  appearance  of 
several  raised,  longitudinal  ridges.  Meta- 
sternum  0.54  X  as  long  as  wide;  suture 
barely  indicated  posteriorly.  Abdomen 
0.87  X  as  long  as  wide  at  base;  sternite  III 
with  a  transverse,  median,  setigerous  pore, 
which  is  0.71  X  as  long  as  wide,  0.23  X  as 
long  as  body  of  sternite,  indistinctly  mar- 
gined, and  located  posterad  of  center. 

Fetnale. — Length  1.52  mm.  Body  2.18  X 
as  long  as  broad.  Vertex  slightly  convex; 
frontoclypeal  ridge  simple.  Pronotum  0.92  X 
as  long  as  broad,  widest  at  posterior  fifth; 
sides  gradually  converging  apically;  ante- 
rior edge  rounded.  Elytra  1.39  X  as  long 
as  broad  and  1.62  X  as  long  as  pronotum. 
Sternite  III  without  a  setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  reddish  or  dark 
reddish  brown  with  the  apex  reddish; 
elytra  yellowish  to  black,  usually  reddish  or 
dark  reddish  brown,  commonly  lighter  in 
color  than  pronotum,  occasionally  with 
basal  third  blackish  and  apical  two-thirds 
reddish.  In  smaller  males,  the  anterior  edge 
of  the  pronotum  is  weakly  produced  and 
shallowly  emarginate,  and  the  knobs  are 
barely  developed  as  short  carinae.  In  larger 
specimens  the  horns  are  well  developed  and 
distinctly  divergent  and  the  knobs  project 
well  above  the  plane  of  the  lamina.    Pro- 
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notal  piinctation  varies  and  may  be  some- 
what coarser  and  denser  than  that  described 
for  the  plesiotype.  Size  and  dimensions 
vary  as  follows  in  a  mixed  series  of  14  <3  ci 
and  14  9  ?  from  North  Carolina:  TLmm: 
6  1.45-1.82  (1.68  ±0.037),  9  1.42-1.70 
(1.57  ±  0.022);  TL  EW  c^  2.21-2.45  (2.33  ± 
0.020),  9  2.14-2.33  (2.24  ±  0.016);  PL 
PW  6  0.93-1.04  (0.99  ±0.009),  9  0.89- 
1.00  (0.94  ±0.008);  EL  EW  c^  1.34-1.47 
( 1.39  ±  0.011 ),  9  1.31-1.44  ( 1.38  ±  0.009 ) ; 
EL/PL  6  1.36-1.58  (1.48  ±0.021),  9  1.52- 
1.68  (1.61  ±0.010).  Total  size  range  in 
material  examined:     1.30-2.00  mm. 

Distribution. — Eastern  North  America, 
from  northern  Minnesota  and  Massachusetts 
to  southeastern  Texas  and  Louisiana,  east  of 
the  100th  meridian;  a  single  isolated  record 
from  Costa  Rica  (see  Fig.  33).  About  280 
specimens  have  been  examined  from  the 
following  localities:  CANADA:  ON- 
TARIO:^ Leamington;  UNITED  STATES: 
ALABAMA:  Selma;  ARKANSAS:  south- 
west; DISTRICT  OF  COLUMBIA:  Wash- 
ington; ILLINOIS:  Antioch,  Des  Plaines, 
Fox,  Galesburg,  Glen  View,  Normal,  Pt. 
Chester,  Quincy,  White  Heath;  INDIANA: 
Evansville;  KENTUCKY:  Mammoth  Cave 
National  Park;  LOUISIANA:  Audubon 
State  Park;  MARYLAND:  Edgewood, 
Plummer's  Island;  MASSACHUSETTS: 
(vummington,  Naushon  Island,  Woods  ll()k>; 
MICHI(;AN:  Detroit;  MINNESOTA:  10 
nii.  [•:  Detroit  Lakes;  MISSISSIPPI:  15  mi. 
N  Ackerman;  NEBRASKA:  Central  Citv; 
NEW  YORK:  Ithaca,  St.  Hubert's;  NORTH 
CAROLINA:  1  mi.  SW  Brevard,  6  mi.  SE 
Cashiers,  Joyce  Kilmer  Forest,  I'l  mi.  SE 
Lake  Toxaway,  Magnolia,  Moore  Co.,  1  mi. 
S  Oakland,  Raleigh,  Randolf  Co.,  Tt  mi.  SE 
Rocky  Knob,  Sampson  Citv;  OHIO:  Cin- 
cinnati; OKLAHOMA:  2  mi.  N  Atoka; 
PENNSYLVANIA:  Chestnut  Hill,  Wis- 
sahickon  Cr.;  SOUTH  CAROLINA:  Flor- 
ence, Moncks  Corners,  Saiitee  State  Park. 
Yemassee;  TENNESSEE:  Cumberland 
C;ap.  Bledsoe  State  Forest;  TEXAS:  liiiuts- 
ville;  VIl{C;iMA:  Clapliam  lunction;  CEN- 
TRAL AIVIEHICA:    r:()ST\HICA:     Ira/u. 


1500'.  [AMNH.  BMNH,  CNC,  CNHM. 
CU,  INHS,  JFC,  JFL,  MCZ,  USNM.] 

Host  fiin^i. — Pohjporus  Li.ilvus  [12(4)]; 
Ganodcrma  appJamitum  [3(1)];  Fomes 
rohiniae  [2(1)];  Poria  nigra  [1(1)];  Lcn- 
zitc's  saepiaria  [1(1)];  Ganodcrma  curtisii 
[1];  Fonics  conchatus  [1];  Fomcs  igniariiis 
[1];  Tramctcs  hispida  [1];  Poly  poms  versi- 
color [1];  PoJijporus  pargamcniis  [1]. 

Discussion. — This  is  easily  distinguished 
from  all  other  species  of  Ceracis  by  the  10- 
segmented  antennae,  distinctly  seriate  ely- 
tral  punctation,  and  the  \ery  peculiar  pro- 
notal  horns  in  the  male.  Each  horn  bears  a 
distinct  protuberance  above,  which  is  evi- 
dent even  in  smaller  males.  The  only  spe- 
cies with  similar  horns  is  C.  furcicoUis 
( Blair )  from  Polynesia;  although  the  an- 
tennae of  furcicoUis  are  10-segmented,  the 
elytral  punctation  is  not  seriate.  Seriate 
elytral  punctation  also  occurs  in  C.  puUuIus, 
but  that  species  has  9-segmented  antennae 
and  different  pronotal  modifications. 

Ceracis  singidaris  has  a  rather  peculiar 
distribution.  It  occurs  throughout  the  east- 
ern United  States,  being  more  common  in 
the  Midwest,  and  has  also  been  collected  on 
Mt.  Ira/u  in  Costa  Rica.  Its  absence  in 
Mexico  may  be  an  artifact  of  collecting,  but 
it  is  also  possible  that  the  Costa  Rican  popu- 
lation is  a  southern  ri'lict.  Host  records 
indicate  a  strong  preference  for  Polyponis 
gilvus  and  iclated  fungi  with  reddish  brown 
fruiting  bodies.  It  is  one  of  the  few  North 
American  ciids  to  breed  in  the  woodv  fruit- 
ing bodies  of  Fomcs  rohii]iac. 

Ceracis  ihoracicornis  (Ziegler)  NEW 
COMBINATION 
Fig.   21 

Cis  thordcicDiiii.s  Ziculcr,  liS45:  270.  Tvpc  local- 
ity:   "Carolina."   Types?,  LeContc  Coll..  MCZ. 

F.Diicartliwii  tlioracirornc,  —  I.cContc.  hSf-iT:  5(S; 
Casry,  18:-)8:  88;  Blalchli\ .  1910:  9{){);  Diiiy, 
1917:  23,  24;  Wdss  and  West,  1920:  8; 
Weiss  ami  West.  1921:  169;  Box  inu  and 
Ciai.diead.  19:31:  270-271.  pi.  92,  fin.  H 
(larva). 

F.niicdillnon     luclh/i     MiHii',     1848:   369;     Casey, 
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1898:  88  (syn.).  Tvpe  locality:  "Amcrique 
lioreale."    Holotype,    S ,  Melly  Coll.,  GEN. 

Cis  pumicatu.s  Mellie,  1848:  333,  pi.  11,  fig.  11. 
Type  locality:  "Nouvellc-Orleans."  Holotype, 
9,  Pic  Coll.  (Chevrolat  Coll.),  MNHN.  NEW 
SYNONYMY. 

Octotemnus  ?  inimicatus  (Mellie),  Casey,  1898: 
91. 

Emicaiiliron  iiuicolor  Case\',  1884:  37;  Casey, 
1898:  88  (syn.).  Type  locality:  "Willet's 
Point,  Long  Island"  [New  York].  Holotype, 
S,  Casey  Coll.,   USNM. 

Ennearthion  himinifrons  Casey,  1898:  89;  Dur\, 
1917:  24.  Type  locality:  "Louisiana  (Mor- 
gan City)."  Holotype,  £  ,  Casey  Coll.,  USNM. 
NEW  SYNONYMY. 

Ennearthron  piceum  Casey,  1898:  88;  Dury,  1917: 
24.  Type  locality:  "Texas  (Columbus)." 
Holotype,  <^  ,  Casey  Coll,  USNM.  NEW  SYN- 
ONYMY. 

Ennearthron  ohlotjgiis  Blatchley,  1910:  900;  Dury, 
1917:  24;  Weiss  and  West,  1920:  8.  Type 
locality;  "Marion  Co."  [Indiana].  Types, 
Blatchley  Coll.,  PURD.    NEW   SYNONYMY. 

Ci.s  thoracicus  Dalla  Torre,  1911:  19.  Incorrect 
subsequent   spelling. 

Ceracis  hifoveattis-  Dury,  1917:  26.  Type  loc;dity: 
"Cincinnati,  Ohio."  Holotype,  c5  ,  Dury  Coll., 
CIN.   NEW  SYNONYMY. 

Cis  thoracicinus  Sherborn,  1931:  6493.  Incorrect 
subsequent  spelling. 

Plcsiotypcs.— S  and  9,  VERMONT: 
East  Dorset,  Bennington  Co.,  July  2,  1965, 
Lot  1768  J.  F.  Lawrence  (C.  Parsons,  coll.), 
ex  Poh/ponis  pargamenus  [MCZ]. 

A/fl/c'.— Length  1.55  mm.  Body  2.38  X  as 
long  as  broad.  Head  and  apex  of  pronotum 
reddish  brown;  remainder  of  pronotum, 
ventral  surfaces,  and  greater  portion  of 
elytra  black,  a  median  elytral  fascia,  extend- 
ing along  the  suture  and  widening  apically, 
reddish;  legs,  antennal  funicle,  and  palpi 
yellowish  brown,  antennal  club  dark  brown. 
Vertex  with  a  deep,  transverse  impression, 
preceded  by  a  median  elevation;  fronto- 
clypeal  ridge  produced,  forming  a  relatively 
long,  slightly  concave,  elevated,  trapezoidal 
lamina,  which  is  shallowly  emarginate  at 
apex.  Antennae  9-segmented;  segment  III 
1.67  X  as  long  as  IV.  Pronotum  1.04  x  as 
long  as  broad,  widest  at  middle;  sides  sub- 
parallel;  anterior  edge  strongly  produced 
and  deeply  emarginate,  forming  2  approxi- 
mate, diverging  horns,  which  are  circular 


in  cross-section  and  narrowly  rounded  at 
apices;  disc  impressed  anteriorly  just  behind 
the  horns  and  bearing  a  short,  transverse 
carina  laterad  of  each;  surface  distinctly 
granulate;  punctures  about  0.14  X  as  large 
as  scutellar  base  and  separated  by  1.0  to  1.5 
diameters.  Elytra  1.38  X  as  long  as  broad 
and  1.38  X  as  long  as  pronotum;  sides  very 
weakly  rounded,  diverging  to  about  middle 
and  converging  posteriorly;  punctation  dual 
and  confused,  finer  and  sparser  than 
pronotal  punctation  posteriorly,  becoming 
coarser  and  denser  anteriorly.  Metasternum 
0.52  X  as  long  as  wide;  suture  barely  indi- 
cated posteriorly.  Abdomen  0.86  X  as  long 
as  wide  at  base;  sternite  III  with  a  circular, 
median,  setigerous  pore,  which  is  0.30  X  as 
long  as  body  of  sternite,  indistinctly  mar- 
gined, and  located  posterad  of  center. 

Fewifl/c— Length  1.40  mm.  Body  2.33  X 
as  long  as  broad.  Vertex  slightly  convex; 
frontoclypeal  ridge  simple.  Pronotum  0.95  X 
as  long  as  broad;  anterior  edge  rounded. 
Elytra  1.50  X  as  long  as  broad  and  1.80  X 
as  long  as  pronotum.  Sternite  III  without  a 
setigerous  pore. 

Variation. — Color  of  pronotum  yellowish 
orange  to  black,  usually  dark  reddish  brown 
or  blackish,  with  apex  commonly  reddish 
brown;  elytra  yellowish  to  black,  usually 
dark  reddish  brown  or  black  and  almost  al- 
ways with  some  reddish  pigment  along  the 
suture  posteriorly.  Siuface  of  pronotimi  very 
lightly  to  distinctly  granulate,  so  that  it  may 
appear  shiny  or  dull.  Pronotal  punctures 
vary  somewhat  in  size  and  density.  Fronto- 
clypeal ridge  in  smaller  males  short  and 
broad;  elongate  and  trapezoidal  in  larger 
specimens.  Pronotum  usually  narrower  and 
more  rounded  in  smaller  males  and  the 
anterior  edge  only  slightly  produced,  form- 
ing 2  small  tubercles;  in  larger  individuals 
the  pronotum  is  broader  and  more  parallel- 
sided  and  the  anterior  edge  bears  2  long 
diverging  horns.  Size  and  dimensions  vary 
as  follows  in  a  series  of  14  S  i  and  14  9  9 
from  Bennington  Co.,  Vermont  ( Lots  1719, 
1730,  and  1768):  TLmm.:  6  1.10-1.55 
( 1.40  ±  0.033),  9  1.10-1.45  (1.33  ±  0.025); 
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TL'EW  i  2.26-2.50  (2.3S  ±  0.020),  9 
2.22-2.37  (2.29  ±0.011);  PL  PW  c^  0.94- 
1.09  (1.02  ±0.013),  9  0.91-1.00  (0.94  ± 
0.006);EL'EW  6  1.36-1.50  ( 1.42  ±  0.012), 
9  1.39-1.54  (1.46  ±0.010);  EL/PL  s 
1.3S-1.60  (1.49  ±  0.017),  9  1.67-1.90  (1.76  ± 
0.017).  Total  size  range  in  material  ex- 
amined:   1.00-1.67  mm. 

Distribution. — Eastern  North  America, 
from  southeastern  Manitoba  and  southern 
Quebec  to  southern  Texas  and  Florida, 
east  of  the  100th  meridian  (see  Fig. 
31).  About  1300  specimens  examined 
from  the  following  localities:  CANADA: 
MANITOBA:  Aweme,  Falcon  Lake,  Vic- 
toria Beach;  ONTARIO:  Leamington,  St. 
Thomas,  Toronto;  QUEBEC:  Montmo- 
rency Co.,  Montreal  Is.,  Terrebonne  Co.; 
UNITED  STATES:  ALABAMA:  6  mi. 
SE  Eutaw,  Mobile;  ARKANSAS:  Wash- 
ington Co.;  CONNECTICUT:  New 
Haven,  Stamford;  DISTRICT  OF  CO- 
LUMBIA: Takoma  Park,  Washington; 
FLORIDA:  Chipola  Park  (Dead  Lake), 
4  mi.  NW  Copeland,  Dunedin,  Enterprise, 
Highlands  Hammock  State  Park  (6  mi.  W 
Sebring),  Kissimmee,  Lake  Annie,  2.5  mi. 
SE  Lake  Citv,  Palatka,  St.  Petersburg; 
CE()R(;iA:  Valdosta,  12  mi.  SSE  Val- 
dosta;  ILLINOIS:  Exeter,  Fort  Sheridan, 
Fox,  Karnak,  Oakwood,  Olive  Branch,  St. 
Clair  Co.,  Springfield,  Steger,  Urbana,  West 
Pullman,  White  Heath,  Willow  Springs; 
INDIANA:  Beverly  Shores,  Dune  Acres, 
Marion  Co..  Mt.  Vernon,  Shelby;  IOWA: 
Ames.  Cedar  Rapids,  Estherxille,  (^uten- 
burg;  KANSAS:  Ben(>dict,  Lawrence, 
Onaga,  Topcka,  Winfield;  KENTUCKY: 
Mammoth  Cave  National  Park;  LOUISI- 
ANA: Audubon  State  Park,  liaton  Rouge, 
Fontainebleau  State  Park,  Ihuahan,  Kil- 
lian,  Lewiston,  5  mi.  S  Livingston,  Morgan 
City,  New  Orleans,  Norco,  14  mi.  \V  Poit 
Allen,  Tallulah;  MAINE:  Monmouth,  Paris, 
Weld;  MARYLAND:  Baltimore,  College 
Park,  2  mi.  E  Silver  Springs,  Sparrows  Point; 
MASSACHUSETTS:  Arlington  Ihights, 
Belmont,  Boston,  Cambridge,  Concord, 
Dracut,    I'^rann'ngliaui.    Pctcrshan).   2   nn'.   S 


Plymouth,  Naushon  Is.,  10  mi.  SE  North 
Adams,  Sherborn,  Stoneham,  Swansea; 
MICHIGAN:  Detroit,  Douglas  Lake. 
Lansing,  Lapeer  State  Game  Area,  Rich- 
field Center,  Whitmore  Lake,  15  mi.  SE 
Saugatuck;  MINNESOTA:  Cormorant. 
Lake  Minnetonka,  Mille  Lacs  Lake,  Olm- 
stead  Co.,  Winnebago  Creek  Valley;  MIS- 
SISSIPPI: 15  mi.  N  Ackerman,  Little 
Mountain  Park,  N.  Augusta,  4  mi.  W  Stark- 
ville;  MISSOURI:  Kansas  City;  NE- 
BRASKA: Central  City;  NEW^  '  HAMP- 
SHIRE: Farmington,  Squam  Lake,  7  mi. 
NW  Wilton;  NEW  JERSEY:  Atlantic  Co., 
xMercer  Co.,  Middlebush,  Middlesex  Co., 
Monmouth  Junction,  Oakland,  Springfield. 
Fort  Lee;  NEW  YORK:  Albany,  Flushing 
(Long  Island),  Hamburg,  Ithaca,  Lancaster, 
New  York,  Niagara,  N.  Fairhaven,  Olcott. 
St.  Hubert's,  Staten  Island,  West  Point; 
NORTH  CAROLINA:  1  mi.  SW  Brevard, 
Calypso,  6  mi.  SE  Cashiers,  3  mi.  W  High- 
lands, 4  mi.  W  Highlands,  MagnoHa, 
Moore  Co.,  1  mi.  S  Oakland,  1  mi.  E  Oak- 
land, 3  mi.  SS^^'  Oakland,  4  mi.  SSW^ 
Oakland,  4  mi.  S  Oakland,  Raleigh;  OHIO: 
Cincinnati,  Columbiana,  E.  Liverpool; 
PENNSYLVANIA:  Alleghenv,  Chestnut 
Hill.  Clinton,  Easton,  Jeannette,  Philadel- 
phia, Pittsburgh,  Twin  Lakes,  Wissahickon 
Creek;  RHODE  ISLAND:  Berkelev; 
SOUTH  CAROLINA:  Moncks  Comers, 
Santee  State  Park,  Walterboro,  Yemassee; 
TENNESSEE:  Memphis;  TEXAS:  Browns- 
\  ille,  C'olumbia,  Columbus,  Dennison, 
Nachadoches,  Victoria;  VERMONT:  East 
Dorset,  Manchester,  Peru;  \'IR(;iNIA: 
Chain  Bridge,  (]lapham  Junction,  Falls 
Church,  Fredericksburg,  Vienna;  WIS(X)N- 
SIN:  Beaver  Dam,  Powers  Lake.  [AMNII, 
ANSP,  CAS,  GIN,  C:M,  CNC,  CNIIM,  CU, 
nil,  INIIS.  JFC.  |FL,  JS,  KU,  MCZ. 
MNIIN,  PURD,  UAL,  UAZ,  UCD,  USNM.] 
A  series  of  specimens  apparently  collected 
in  San  Luis  Obispo  (>o.,  California,  ha\e 
almost  eertainl)    been  mislabeled. 

Wosl  fungi. — Polyporu.s  i)(iiii.(n)uini.s  \:]\ 
(10)];  Pohiporus  (iditstus  |  11(4)];  Polijpoyu.s 
su])inus  (9(5)];  P()hi]U)nis  rcisicolor  |9(1)]; 
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LcnzitcshctnUna  [8(2)];  Pohjporus  sector  [5 
(1)];  Dacdalca  ainhv^ua  [4(2)];  Daedalca 
iinicolor  [4(2)],-  Polyporiis  <i,ilvus  [4];  Gano- 
dcnna  Jucidum  [3(1)];  Ganodcrma  appla- 
natiim  [3];  Ganodcrma  tsugac  [3];  Tramcfcs 
corrugata  [2(1)];  Poh/porus  ahictinus  [1 
(I)],-  Pohjporus  spraguci  [1(1)];  Tramcfcs 
hispida  [1(1)];  Ganodcrma  sp.  [1(1)]; 
PoJijporus  squamosus  [1];  PoJiiporus  hijd- 
noidcs  [1];  PoJijporus  fumosus  [1];  Pohj- 
porus suJphurcus  [1];  Fomcs  fomcntarius 
[1];  Fomcs  pinicola  [1];  Boletus  sp.  [1]. 

Discussion. — This  is  a  moderately  small, 
dark  colored  species  with  relatively  fine  and 
sparse  punctation,  9-segmented  antennae, 
and  2  narrow,  diverging  pronotal  horns  in 
the  male.  It  is  probably  most  closely  re- 
lated to  the  Neotropical  species  C.  cucul- 
lattis  and  C.  hicornis,  from  which  it  differs 
by  the  somewhat  coarser  pronotal  puncta- 
tion and  different  pronotal  modifications. 
It  is  similar  in  size  and  form  to  C.  puUuhis, 
which  has  seriate  elytral  punctation  and  a 
rounded,  emarginate  pronotal  lamina  in  the 
male.  Smaller  specimens  resemble  C.  mi- 
ntitus  and  C.  minutissimus,  both  of  which 
have  8-segmented  antennae.  C.  quadricornis 
has  similar  coloration  and  pronotal  horns, 
but  the  antennae  are  8-segmented  and  the 
elytra  are  much  narrower.  The  species 
also  resembles  the  western  C.  californicus, 
which  is  somewhat  more  elongate  and  has 
much  coarser  and  denser  elytral  punctation. 

Like  C.  californicus,  this  species  is  quite 
variable,  not  only  in  size,  but  in  the  fomi  of 
pronotum  and  elytra,  pronotal  horns  in  the 
male,  and  pronotal  punctation.  As  a  result 
several  names  have  been  applied  to  it.  The 
more  typical  eastern  form  was  described  as 
Cis  fhoracicornis  by  Ziegler  (1845),  £;i- 
nearthron  mclhji  by  Mellie  (1848),  and 
Enncarthron  unicolor  by  Casey  (1898). 
Mellie  also  gave  the  name  Cis  pumicatus  to 
a  single  female  from  New  Orleans.  Casey 
( 1898)  considered  unicolor  and  melhji  to  be 
synonymous  with  flioracicornis,  and  he  de- 
scribed two  more  species,  Enncarthron 
piccum  and  E.  laminifrons.  E.  piceum  from 
Texas  and  Louisiana  was  described  as  hav- 


ing the  prothorax  impressed  behind  the 
horns,  and  E.  laminifrons  from  Louisiana 
was  distinguished  by  having  shorter  elytra. 
Blatchley  (1910)  described  Enncarthron 
oblongus  from  Indiana,  which  was  said  to 
differ  from  thoracicornis  by  having  coarser 
pronotal  punctation.  Finally,  Dury  (1917) 
proposed  the  name  Ceracis  lufovcatus  for  a 
series  from  Cincinnati  with  8-segmented 
antennae  and  peculiar  modifications  of  the 
3rd  abdominal  sternite  in  the  male.  The 
types  of  all  of  these  species  have  been  ex- 
amined, and  they  are  all  considered  to  be 
variants  of  C.  thoracicornis.  The  segments 
were  miscounted  in  C.  hifovcatus,  and  the 
slight  depression  in  front  of  the  male  ab- 
dominal pore  also  occurs  in  some  thoraci- 
cornis. Some  of  the  above  species  names 
refer  to  geographic  variants,  but  I  do  not 
think  that  there  are  any  clearly  recognizable 
subspecies.  Northern  populations  seem  to 
have  coarser  pronotal  punctation  than  those 
in  the  south,  and  in  southern  populations 
the  size  may  be  smaller  and  the  pronotal 
horns  longer.  The  color  pattern  is  relatively 
consistent  throughout  the  range,  and  in 
mature  adults  it  may  be  useful  as  a  diag- 
nostic character.  The  elytra  are  usually 
blackish,  as  is  the  pronotum,  but  there  is 
usually  a  narrow  reddish  patch  along  the 
posterior  part  of  the  elytral  suture. 

Ceracis  thoracicornis  is  the  most  common, 
widespread,  and  polyphagous  species  in 
eastern  North  America.  It  is  fairly  common 
in  the  northern  states,  and  it  extends  into 
the  southern  parts  of  Manitoba,  Ontario, 
and  Quebec.  It  has  been  collected  on  24 
different  species  of  fungi  and  apparently 
breeds  in  at  least  14  of  these.  Its  preferred 
host  appears  to  be  Pohjporus  pargamenus, 
with  31  records  and  10  of  these  breeding 
records,  but  it  is  also  quite  common  on  P. 
adu.stus,  P.  supinus,  and  members  of  the 
Pohjporus  versicolor  group.  In  the  northern 
part  of  its  range  it  occurs  with  Cis  confusus 
Blatchley,  Cis  horridulus  Casey,  and  Cis 
■striohitus  Casey  on  P.  pargamenus,  and  with 
Cis  fuscipes  Mellie,  Cis  pistoria  Casey,  Sul- 
cacis  lengi  Dury,  Strigocis  opacicoUis  Dury, 
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and  Octotcmmis  laevis  Casey  on  P.  versi- 
color and  its  relatives.  All  of  these  associ- 
ated species  are  northern  Holarctic  fonns 
with  relatives  in  Europe  and  Asia,  while  C. 
thoracicornis  and  all  other  known  North 
American  Ceracis  have  affinities  with  Neo- 
tropical species.  In  the  southern  part  of 
the  range,  the  species  has  more  of  a  ten- 
dency to  be  polyphagous,  and  is  fairly  com- 
mon on  Polyporus  supinu.s,  P.  sector,  and 
Dacdalea  amhigua. 

This  species,  like  C.  ccdifornicus,  breeds 
in  fungi  falling  into  both  of  Paviour- 
Smith's  host  preference  groups,  P.  ad  list  us 
and  Ganodcrma  hicidum  (among  others) 
belonging  to  one  group  and  P.  versicolor, 
Lenzites  hetulina  and  several  others  belong- 
ing to  the  second  group.  My  own  records 
for  North  American  ciids  indicate  that  P. 
par<^amemis,  P.  sector,  and  P.  abietinus 
form  a  third  group,  for  which  C  tJu)raci- 
coinis  is  both  an  indicator  and  an  excep- 
tion. The  absence  of  any  close  relatives  in 
North  America  may  partly  explain  the 
broad  host  range  of  this  species. 
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Figures  1-5.  Ceracis  sallei  Mellie.  Fig.  1.  Pronotal  disc,  lateral  view.  Fig.  2.  Cross-section  of  prosternum  (anterad  of 
intercoxal  process).  Fig.  3.  Prothorox,  ventral  view.  Fig.  4.  Protibia,  anterior  view.  Fig.  5.  Mefasternum,  showing 
very  short  median  suture.  Fig.  6.  Ceracis  puncfu/atus  rubriculus,  n.  ssp.,  male,  abdomen,  ventral  view,  showing  small 
round  setigerous  pore.  Fig.  7.  Ceracis  obrieni,  n.  sp.,  male,  abdomen,  ventdal  view,  showing  large,  transverse  setiger- 
ous  pore.  Figures  8-10.  Cerocis  sa//ei  Mellie,  male.  Fig.  8.  Abdominal  sternite  VIII.  Fig.  9.  Tegmen,  ventral  view.  Fig. 
10.     Median    lobe,    dorsal    view. 
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Figures  11-16.  Cerocis  spp.,  male,  dorsal  view.  Fig.  11.  C.  so//e/  Mellie.  Fig.  12.  C.  s/ngu/oris  (Dury).  Fig. 
13.  C.  punclulalui  rubricului,  n.  ssp.  Fig.  14.  C.  schaelleri  Dury.  Fig.  15.  C.  calilornicus  (Casey).  Fig.  16.  C. 
nigropunclalui,    n.    sp.      All    figures    drown    to    same    scale. 
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Figures  17-25.  Ceroc/'s  spp.,  male,  dorsal  view.  Fig.  17.  C.  quadricorn/s  Gorhom.  Fig.  18.  C.  minufissimus  (Mellie). 
Fig.  19.  C.  minutui  Dury.  Fig.  20.  C.  monocerus  new  name.  Fig.  21.  C.  fhorocicornis  (Ziegler).  Fig.  22.  C.  pullulus 
(Casey).  Fig.  23.  C.  powelli,  n.  sp.  Fig.  24.  C.  muttipunctatus  (Mellie).  Fig.  25.  C.  obrieni,  n.  sp.  All  figures 
drown    to   same   scale. 
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INTRODUCTION 

The  purpose  of  this  work  was  to  study 
the  evolutionary  biology  of  the  genus  Tri- 
odopsis. This  is  one  of  the  most  common 
genera  of  land  snails  in  eastern  North 
America,  yet  no  comprehensive,  modem 
work  has  been  done  on  its  systematics  or 
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Committee  on  Evolutionary  Biology  of  the  Depart- 
ment  of  Biology,   Harvard   University. 


evolution.  Our  knowledge  concerning  the 
group  still  comes  mainly  from  the  work  of 
Pilsbry  (1940)  and  Hubricht  (1949;  1950a, 
b;  1952a,  b;  1953;  1954;  1958).  Perhaps  it 
is  permissible  to  say  that,  although  valu- 
able, these  works  are  not  based  on  modern 
conceptions  of  species,  speciation,  etc.,  but 
solely  upon  morphology.  Thus  it  seemed 
that  a  restudy  of  the  group  was  needed. 

The  results  of  this  study  are  consistent 
with  the  tenets  of  the  evolutionary  theory. 
Of  interest  are  the  high  frequency  of  hy- 
bridization and  the  rarity  of  dines.  The 
new  classification  is  both  simpler  and  more 
consistent    than   the   jDrevious   one. 

Material  was  studied  from  various 
sources.  Most  important  were  the  Museum 
of  Comparative  Zoology  (MCZ)  and  the 
Academy  of  Natural  Sciences  of  Philadel- 
phia (ANSP).  I  also  received  some  mate- 
rial from  the  Carnegie  Museum  of  Pitts- 
burgh (CM),  the  United  States  National 
Museum  (USNM),  and  Mr.  LesHe  Hu- 
bricht, of  Meridian,  Mississippi.  Finally,  I 
obtained  some  material  from  my  own  field 
trips  (JV).  Four  extensive  collecting  trips 
were  made,  each  lasting  eight  to  fifteen 
days,  and  several  shorter  ones.  These  cov- 
ered an  area  extending  from  the  Atlantic 
Coast  to   Illinois  and  Texas. 

The  following  working  methods  were 
used.  First,  all  the  available  samples  of 
each  species  were  surveyed.  Then  mea- 
surements of  from  three  to  eight  characters 
were  taken  on  representative  samples  from 
the  various  parts  of  the  range,  and  the  re- 
Bull.  Mus.  Comp.  Zool.,  136(7) :    145-254,  February,  1968        145 
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Figure  1.  Aperture  shape  in  7rioc/ops/s.  1,  Auricuiate; 
2,    square;    3,    trapezoid;    4,    triangular;    5,    oval;    6,    circular. 

suits  obtained  evaluated  statistically.  The 
distribution  and  ecology  were  then  studied 
by  plotting  the  records  on  large  scale  maps 
showing  hydrography,  vegetation,  and  ele- 
vation. Information  on  the  distribution 
and  ecology  were  also  taken  from  the 
literature.  In  the  last  step,  the  data  ob- 
tained from  these  various  sources  were 
svnthesi/ed. 

Many  of  the  terms  used  in  this  paper 
occur  commonly  in  the  literature,  but  some 
do  not.  Definitions  of  the  necessary  terms 
follow. 

Apeiiiue:  the  margin  of  the  shell  that 
surrounds  the  opening  of  the  shell;  also  the 
surrounded  area.  The  shape  of  the  aper- 
ture may  be  auricular,  square,  trapezoid, 
triangular,  oval,  roimd,  or  intermediate  be- 
tween any  of  these  (Fig.  I).  These  geo- 
metrical forms  are  actually  never  "com- 
plete," in  the  sense  that  the  upper  left 
corner  is  always  truncated  by  the  penulti- 
mate whorl.  The  term  aperture  is  inter- 
changeable with  lip  or  peristome. 

Aperture  ^radc:  the  degree  of  develop- 
ment of  the  lip  swelling,  lip  teeth  and  pari- 
etal lamella. 

Armature:  llic  lip  teeth  and  the  parietal 
lamella  together. 

Axis:  the  line  drawn  llirough  the  apex 
and  the  umbilicus  ol   llie  shell. 

Bifid:  cleft  into  two  lobes,  e.g.,  a  lip 
tooth. 

Dislied:  concave,  e.g.,  an  aperture  ha\- 
ing  the  lip  swelling  and  the  lij)  Iceth 
slanted  inward. 

Emhnjonie     aiiorls:      the     first     1.4-1.5 


whorls  of  the  shell,  produced  by  the  em- 
bryo inside  the  egg. 

Fulcrum:  the  callosity  inside  the  last 
whorl,  on  the  inner  wall. 

Granule:  the  small  protuberance  on  the 
surface  of  the  shell,  which  does  not  bear  a 
hair.  This  term  may  be  used  synonymously 
with  papilla;  the  latter,  however,  may  bear 
a  periostracal  hair. 

Ileiiiht:  the  vertical  distance  between 
the  lowest  point  of  the  aperture  and  the 
apex  of  the  shell,  measured  with  the  axis 
held  perpendicularly. 

Keel:  the  ridge  at  the  periphery  of  the 
whorl. 

Lip:  the  margin  of  the  shell,  surround- 
ing the  opening  of  the  shell;  used  synony- 
mously with  aperture  or  peristome.  An 
upper  and  lower  lip  can  be  differentiated. 

Up  swelliuii:  the  thickening  at  or  near 
the  lip.  In  the  former  case,  it  is  marginal, 
in  the  latter,  receding. 

Lip  tooth:  the  protrusion  on  the  lip  or 
lip  swelling.  It  may  be  marginal  or  reced- 
ing. 

Up  tooth  distance:  the  distance  be- 
tween the  middle  point  of  the  tip  of  the 
lip  tooth  and  the  junction  of  the  lip  upon 
which  the  tooth  rests  with  the  shell. 

Papilla:  the  small  protuberance  on  the 
surface  of  the  shell,  which  may  bear  a 
periostracal  hair.  Used  synonymoush'  with 
granule. 

Peristome:  the  margin  of  the  shell  that 
surrounds  the  opening  of  the  shell.  Used 
synonymously  with  aperture  and  lip. 

Scale:  the  small,  flat  projection  of  the 
periostracum. 

Sculpture:  th(>  pattern  of  the  surface  of 
the    shell — the   hairs,   scales,   granules,   etc. 

Spiral  direction:  parallel  with  the  direc- 
tion of  the  coiling  of  the  shell. 

Transverse  direct  ion:  perpendicular  to 
tlu^  din^ction  of  the  coiling  of  the  shell. 

Und)ilicus:  the  opening  at  the  bast>  of 
the  shell,  resulting  from  a  looseU"  coiled 
columella.  Its  diameter  ( width )  is  mea- 
sured at  tlu>  depth  ol  the  last  whorl.  1"he 
word  umbilicus  may  stand  lor  the  longer 
term  "width  of  the  umbilicus." 
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Figure  2.  The  more  important  feotures  and  measurements 
of  the  Tnodopsis  shell.  Above.-  figure  in  side  view.  A, 
umbilicus;  B,  parietal  lamella;  C,  lip,  or  aperture;  D,  lip 
swelling;  E,  upper  lip  tooth  distance;  F,  distance  between 
upper  and  lower  lip  teeth;  G,  lower  lip  tooth  distance;  H, 
last  whorl;  I,  width  of  shell.  6e/ow:  shell  in  top  view. 
J,  embryonic  shell,  1.4  whorls.  Numbers  refer  to  whorl 
number,    the    shell    shown    has    4.4   whorls. 


Whorl:  the  convolution  of  the  shell. 
The  number  of  whorls  was  measured  under 
a  binocular  microscope,  using  a  circular 
scale  divided  into  ten  parts,  with  the  apex 
of  the  shell  placed  in  the  center  of  the 
circle. 

WidtJi:  the  greatest  diameter  of  the 
shell  across  the  last  whorl.  It  is  approxi- 
matelv  perpendicular  to  the  axis  of  the 
shell' 

Wrinkle:  the  slight  folding  of  the  perios- 
tracum;  longer  than  the  granule,  shorter 
and  slighter  than  the  stria. 

The  more  important  tenns  and  measure- 
ments are  figured  below  (Fig.  2). 
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SYSTEMATIC   TREATMENT 

Order  STYLOMMATOPHORA 

Family   POLYGYRIDAE 

Genus  TRIODOPSIS 

Type  species   Triodopsis  lunula   Rafinesque 

=  Helix  tridenfata  Say' 

Triodopsis  Rafinesque,  1819,  J.  Phys.  Chim.  Hist. 
Nat.  88:  425. 

Menotnpliis  Rafinesque,  1831,  Enumeration  and 
account  of  some  remarkable  natural  objects  in 
the  cabinets  of  Prof.  Rafinesque,  in  Philadelphia, 
November  1831:  3.  Subgenus  of  Triodopsis  for 
Triodopsis  lunula  Rafinesque. 

Triodontopsis  Agassiz,  1846,  Nomenclature  Zool., 
Inde.x  Universalis:  378  (emendation  of  Trio- 
dopsis ) . 


^  Rafinesque  listed  T.  lunula  as  the  number  one 
species  when  he  described  the  genus  Triodopsis. 
Ferussac,  1821,  Tabl.  Syst.  Fam.  Lima(,'ons,  p.  34, 
no.  105,  put  r.  lunula  in  the  synonymy  of  Helix 
tridentata  Say. 
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The  genus  Triodopsis  l^elongs  to  the 
family  Polygyridae,  suborder  Sigmurethra, 
order  Stylommatophora  (Pilsbry,  1940; 
Zilch,  1960).  Its  distinguishing  features 
are  mainly  in  the  morphology  of  the  repro- 
ductive organs.  The  penis  is  enveloped  by 
a  thin,  membranous  sheath,  which  is  at- 
tached to  the  penis  at  the  base.  There  is 
no  stimulator  in  the  penis,  or  flagellum  on 
it,  except  for  a  vestigial  flagellum  in  the 
subgenus  Cnjptomastix.  The  shells  are 
small  to  moderately  large,  the  aperture 
usually  bears  two  teeth  and  a  lamella; 
hence  the  scientific  name  Triodopsis  (three- 
toothed  face). 

Twenty-two  species  belong  to  the  genus. 
Of  these,  eighteen  occur  in  eastern,  and 
four  in  western  North  America.  They  live 
in  various  types  of  deciduous  and  mixed 
pine-deciduous  forests,  hiding  in  the  litter 
layer  under  logs,  branches  or  stones.  A  few 
species  also  occur  in  the  grasslands.  The 
majority  of  the  species  prefer  the  lower 
elevations,  below  1500  feet,  but  a  few  may 
live  over  3000  feet.  Their  food  consists  of 
dead  leaves  or  fungi  that  live  on  the  de- 
caying plant  material.  The  snails  are  ac- 
tive from  early  spring  to  late  fall,  the  cycle 
being  interrupted  by  temporary  aestiva- 
tions in  time  of  drought.  Their  life  span 
is  several  years.  In  the  early  spring  they 
lay  small  batches  of  eggs  a  few  centimeters 
below  the  surface  of  the  ground.  The  num- 
ber of  eggs  in  a  batch  varies  from  two  to 
twenty,  their  size,  depending  upon  the 
species,  horn  two  to  three  and  one-half 
millimeters.  At  room  temperature  they 
hatch  in  about  three  weeks.  Some  of  the 
young  grow  fast,  and  reach  maturity  by 
the  fall,  others  winter  as  young  and  com- 
plete their  growth  the  next  spring.  The 
latter  observations  were  made  in  the  labo- 
ratory, and  the  possibilitN'  exists  that  the 
development  of  the  young  was  slower  than 
in  nature.  Cleave  and  Foster  (1937)  made 
similar  observations  on  the  related  h)nn 
Mcsodon  thywidus  (Say).  Grimm,  how- 
ever, stated  in  a  letter  that  he  obtained  two 
generations  a  year  in  Triodopsis  falla.x. 


The  genus  is  divided  into  four  subgen- 
era: Triodopsis  {sensu  stricto),  Xolotrema, 
Neoliclix  and  Cnjptomastix.  The  first  three 
subgenera  lack  an  epiphallus  and  flagel- 
lum, and  have  only  one  pilaster  in  the  cav- 
ity of  the  penis;  the  fourth,  Cnjptomastix.. 
has  an  epiphallus,  flagellum  (vestigial), 
and  two  pilasters.  The  first  three  occur  in 
the  eastern  parts  of  the  United  States  and 
Canada;  the  fourth  is  confined  to  the 
northwestern  United  States  and  Canada. 
On  these  grounds,  Cnjptomastix  might  be 
considered  a  separate  genus.  Because  of 
the  subjective  nature  of  classification  on 
supraspecific  levels,  however,  the  current 
generic  and  subgeneric  classification  was 
adopted  without  any  change.  My  work 
was  oriented  toward  the  specific  and  intra- 
specific  problems,  rather  than  a  generic 
rearrangement. 

The  fossil  remains  of  the  genus  are  very 
scanty.  Only  a  few  Pleistocene  records  are 
known  (Baker,  1920,  1928,  1937;  Hender- 
son, 1935;  Hubricht,  1961;  Leonard,  1952, 
1953;  Leonard  and  Frye,  1960;  Shimek, 
1936).  The  records  include  Triodopsis  jiix- 
tidens  discoidea,  T.  negjecta  vidgata,  T. 
ohstricta  ohstricta,  T.  o.  denotata,  T.  fos- 
teri  fostcri,  T.  f.  JuihricJiti,  T.  aJbolahris 
and  T.  multilineata.  These  are  identical  or 
almost  identical  with  the  Recent  forms.  On 
this  basis,  it  seems  probable  that  most  of 
the  species  are  of  Pleistocene  or  possibh' 
Pliocene  origin,  and  the  "young"  species 
developed  in  the  late  Pleistocene  or  Holo- 
cene. 
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Key   to   Si>ix;it:s    ano   Sensi'ix  ii:s 

lie  following  key  can  be  used  to  icleutit\-  adult 
inuns  of  Triudopsk,  except  for  intergrades.  In 
r  to  increase  its  usefulness,  dubious  cases  are 
'd  out  twice.  'J'luis,  T.  c.  coitiplatuifa.  wliich 
ha\c'  small  lip  teeth  or  almost  none,  is  keyed 
among  botli  the  tooth-bearing  and  tlie  tooth- 
torms. 

Slu^ll    umhilieated    £ 

Shell    imperforate    28 

l'",ml)r>()nie  shell  smooth  or  striated;  east- 
ern  United  States  3 
IjuhrNome    shell    with    striae    and    often 
also   with   granules:    i'aeifie   Coast                24 
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3a 


4a 


5a 

b 

6a 


7a 

h 
8a 


9a 


10a 


11a 


12a 


Umbilicus  very  narrow  and  partially 
covered  by  reflected  edge  of  peristome       4 

Umbilicus  narrow  to  wide,  not  covered 
by  reflected  edge  of  peristome    —-     5 

Shell  width  17-26  mm,  sculpture  of  tri- 
angular scales;  lower  lip  swelling 
reaches  columella;  hybridizes  with  o. 
obstricta;  from  Vermont  to  Michigan 
and  Tennessee  o.  denotata,  p.  206 

Shell  widtli  10-11  mm;  no  triangular 
scales;  lower  lip  swelling  terminates 
shortly  before  columella;  restricted  to 
North  Carolina  —  soelneri,  p.  204 

Lip   teeth   absent   6 

Lip   teeth   present   9 

Aperture  auricular,  lip  swelling  thin, 
peristome  sharp;  intergrades  with  /. 
ohsoleta,  grade  B;  lower  areas  of  the 
southeastern  Coastal  Plain,  from  Mary- 
land  to  Georgia   

f.  ohsoleta,  grade  A,  p.  187 

Aperture  oval-triangular,  lip  swelling 
thin  or  thick,  peristome  swollen,  at 
least   in   some   places   7 

Shell  width  9-13  mm;  Piedmont  region 
of  Virginia  burchi,  p.    160 

Shell  width   17-27  mm   8 

Shell  width  26-27  mm,  umbilicus  very 
wide  all  the  way;  restricted  to  northern 
West  Virginia c.  platiisayoides,  p.  159 

Shell  width  17-24  mm,  umbilicus  some- 
what   narrower    at    the    early    whorls 
and  widens  out  later;   Kentucky,  Ten- 
nessee,  and   adjoining   regions 
c.   complanata,  p.   157 

Parietal  lamella  points  at  or  below  upper 
lip  tooth  when  looking  at  the  shell 
from  below  10 

Parietal  lamella  points  above  upper  lip 
tooth  when  looking  at  the  shell  from 
below  11 

Lip  swelling  slightly  receding,  peristome 
sharp  and  flat;  lip  teeth  moderate  to 
large;  from  Ontario  to  Michigan,  Geor- 
gia and  Alabama  tiideutata,  p.  151 

Lip  swelling  marginal,  lip  swollen,  lip 
teeth  usually  small  or  lacking;  burchi 
or  complanata,  go  back  to  7 

Upper  lip  swelling  slants  inward,  pari- 
etal lamella  often  very  large;  these 
features  may  not  be  clear,  however; 
check  description  and  figures  of  rugosa 
and  fulciden  12 

Upper  lip  swelling  does  not  slant  inward, 
parietal  lamella  rarely  large  13 

Shell  width  10-16  mm;  West  Virginia 
and  neighboring  areas  rugosa,  p.  161 

Shell    width    8-9    mm;    confined    to    the 


Piedmont  region  of  North  Carolina  -  - 

ftdciden,    p.    164 

13a      Upper    lip    tooth    distance    roughly    the 

same  as  lower  lip  tooth  distance  14 

b     LTpper  lip  tooth  distance  is  considerably 

greater  than  lower  lip  tooth  distance  -  16 
14a  Shell  and  aperture  depressed,  umbilicus 
moderately  wide,  shell  often  smooth 
and  shiny;  Ohio  and  Mississippi  valleys, 
from  Ohio  to  Missouri  -  /.  discoidea,  p.  171 
b  Shell  and  aperture  not  depressed,  um- 
bilicus   narrow    or   very    narrow,    shell 

never  smooth  and  shiny  15 

15a  Umbilicus  narrower,  coiling  of  shell 
tighter  and  parietal  lamella  larger; 
hybridizes  with  /.  juxtidens;  New  Jer- 
sey   and    adjoining    Pennsylvania    and 

New   York,   also   Virginia   

/.  stenomphala,  p.  169 

b  Umbilicus  wider,  coiling  of  shell  looser 
and  parietal  lamella  smaller;  hybridizes 
with  /.  stenomphala;  eastern  seaboard 
from    Vermont    to    Georgia,    west    to 

West  Virginia  /.  juxtidens,  p.   165 

16a  Lip  teeth  and  parietal  lamella  large,  and 
thus  obstruct  the  aperture  to  a  con- 
siderable degree  17 

h  Lip  teeth  and  parietal  lamella  small  or 
moderately  large,  and  thus  do  not  ob- 
struct  the   aperture   significantly   19 

Fulcrum  present,  umbilicus  narrow  but 
suddenly  widening  at  the  last  whorl  -   18 

Fulcrum  absent,  umbilicus  wide;  Appa- 
lachian Mountains  in  West  Virginia 
and  Virginia fraudulenta,  p.  181 

Lip  swelling  marginal,  peristome  swollen; 

hybridizes  with  c.  cragini;  Texas  

c.  copei,  p.  199 

Lip  swelling  slightly  receding,  peristome 
sharp;  intergrades  with  /.  ohsoleta  and 
/.  alabamensis;  Blue  Ridge  Mountains, 
and  tlie  higher  regions  of  the  southeast- 
ern coastal  plain,  from  Pennsylvania 
to  Georgia  and  Tennessee  ..  /.  fallax,  p.  184 

Umbilicus   wide   20 

Umbilicus  narrow  or  medium  wide,  or 
narrow  at  the  beginning  and  widening 
suddenly   at  the   last   whorl   21 

Shell  width  12-20  nnn,  coiling  of  shell 
moderately  tight,  umbilicus  wide;  in- 
tergrades witli  n.  neglecta;  from  On- 
tario to  Wisconsin,  North  Carolina  and 

Tennessee  n.   vulgata,  p.   175 

b  Shell  width  10-13  mm,  coiling  very  tight; 
intergrades  with  n.  vulgata;  Ozark  area 

n.   neglecta,   p.   178 

21a  Last  whorl,  measured  behind  the  aper- 
ture, is  more  than  one  and  one-half 
times  wider  than  the  penultimate  one, 
when  looking  at  the  shell  from  above; 


17a 
b 

18a 


19a 
b 


20a 
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22a 


23a 


24a 


b 


2oa 


26;  I 


27a 


29a 


b 
3()a 


28a 


lower  lip  tooth  located  close  to  col- 
umella; isolated  spots  in  North  Caro- 
lina,  Pennsylvania   and   Ohio    

pcndulu,  p.  180 

Last  whorl  less  than  one  and  one-half 
times  wider  than  the  penultimate  one, 
lower  lip  tooth  near  middle  of  lower 
lip  22 

Aperture  auriculate,  peristome  sharp, 
whorl-width  ratio  0.39-0.53;  inter- 
•irades  with  /.  ()])soIcta,  K'ade  A,  and 
/.  fallcix;  hybridizes  with  /.  alabaincn.sis; 
southeastern  Coastal  Plain  from  Mary- 
laud   to   Georgia   b 

/.  obsolete,  grade  B,  p.  187       31a 

Aperture  square  to  oval,  peristome  oft(Mi 

swollen,    whorl-width    ratio    0.47-0.68  b 
-     23 

Shell  width  8-13  mm,  number  of  whorls  32a 

4.9-7.0,  upper  lip  tooth  slightly  re- 
ceding; extensively  hybridizes  with  /. 
faUax  and  /.  nhsolcta;  Alabama,  and  an 

isolated  spot  in  Virginia   

- /.  alahamensis,  p.   193  b 

Shell  width  7-1 1  mm,  number  of  whorls 
4.3-5.5,  upper  lip  tooth  definitely  re- 
ceding; hybridizes  with  c.  co])ci;  from 
eastern  Kansas  to  Texas  and  Louisiana 

c.  cr(i0ni,  p.  201 

Slicll    6.6-6.8    mm    wide,    very    tightly 
coiled;  no  lip  tt'Cth;  Pacific  Coast  from 

Vancouver  Island  to  Oregon  

-        fiennana,  p.  231 

Shell  larger  than  8.6  mm,  less  tightly 
coiled,  lip  t(>eth  usually  present  25 

Shell  width  over   12  mm,  lip   teeth   and  b 

parietal  lamella  small  or  absent  ( al- 
though lip  swelling  ina>    be  thick)  26 

Shell  width  below  11.3  mm,  lip  teeth  and  35a 

jiarietal  lamella  medium  to  large  27 

Siicli  width  19-26  mm,  lower  hp  lootli, 
or  the  swelling  that  replaces  it,  located 
near   cohuuclla;    west    of    the    Cascade  b 

l^aiige,   in   Washington   and   Oregon 

r/ci;V;,  j).  230 

Sliell   width    12-19   mm,   lower   lip   tooth,  36a 

or  the  swelling  that  replaces  it,  located 
in  middle  of  lower  lip;  hybridizes  with 
;/(.  Iiarfonliaiui;  east  of  the  Cascade 
Range,  in  Oregon,  Idaho  and  Montana 

///.  niiilldni,  p.  223  b 

Shell  width  8.6-10.1   mm,  umbilicus  \ciy 

wide;  hybridizes  with   in.   nnilhini-,   re-  37a 

stricted  to  the  Snake  Hixcr  \  alle\-  in 
Idaho  ;;/.  IuikIIOkHuiui,  p.  227 

Shell    width     l(),]-ll.3    mm,    umbilicus 

narrow  and  partly  covered  by  reflected  b 
edge  of  peristome;   central   and  north- 
ern klaho        .      .  .      saiihtdui,  p.  229 

Embryonic    shell    with    striae    and    often 


33a 


b 
34a 


also  with  granules;  Pacific  region; 
germami,  dcvia,  mullani  or  sanhurni, 
go   back  to    24 

Embryonic  shell  smooth  or  striated;  east- 
ern United  States  and  Canada  29 

Fossil;  shell  width  19-25  mm,  lip  teeth 
and  parietal  lamella  small;  Illinois  .._. 
/.  huhrkhti,  p.  212 

Recent   30 

Sculpture  of  fine  spiral  lines  with  ex- 
tremely fine  transverse  lines  between 
them;  Mississippi  and  Missouri  valleys, 
from  Iowa  to  Louisiana  ..__  /.  fosteri,  p.  210 

Sculpture  different  31 

Lip  teeth  and  parietal  lamella  small  to 
large  32 

Lip  teeth  and  parietal  lamella  usually 
absent,   very  small  if  present  33 

Sculpture  of  triangular  scales,  last  whorl 
rounded  or  blunth-  angular  at  the  pe- 
riphery; hybridizes  with  o.  ohstricta; 
from  Vermont  to  Michigan  and  Ten- 
nessee     o.   denotata,  p.   206 

Sculpture  of  short  wrinkles,  last  whorl 
sharply  angular  or  keeled  at  the  pe- 
riphery;   hybridizes   with    o.    denotata; 

Kentucky    and    Tennessee    

().   ohstricta,   p.   205 

Shell  banded,  rarely  imiformh-  brown- 
red  or  horn  colored;  from  Ohio  to  Min- 
nesota and  Kansas  _  ..  niiiltiliiieafa,  p.  219 

Shell   imicolorcd   34 

Shell  width  17-20  mm,  height  8-12  mm, 
lip  swelling  thin;  Ozarkian  area,  from 
Kansas  to  Louisiana  dive.sta,  p.  222 

Shell  width  19-42  mm,  height  11-31 
mm,  lip  swelling  medium  to  very  thick 
35 

Lip  swelling  very  thick,  small  parietal 
lamella  present,  shell  often  flat;  from 
Quebec  to  Pemis>Kania  and  North 
Carolina         dent  if  era.    p.    218 

Lip  swelling  moderateK  thick  or  \  er\- 
thick,  parietal  lamella  onl\  e\eeption- 
all\-  present,  shell  flat  to  \cr>-  higli  36 

Shell  with  iainth-  \  isibic  grid  formed  b\- 
transNcrse  wrinkles  and  spiral  lines,  or 
smooth  and  shin>-;  flatter;  iutergradcs 
with  a.  all)ol(d)ris  and  a.  niaior;  from 
Minnesota  to  .•\rk;uisas  _.     (/.  dUciti.  p.   216 

Scul])turc  of  the  s;nue  elements  but  much 
co;user,   shell   higher  37 

Shell  20-36  mm  wide,  less  globose;  in- 
tergrades  with  a.  alleni  ;uul  (.'.  nuiior; 
from  Quebec  to  Miclng;ui  ;uul  Ten- 
nessee    (/.  (ill>olal)ri.s;  p.  213 

Shell    27-42    nun    w  idi',    globose;    inter- 
gr;id(\s  with  a.  all)olal)ri.\  ;ni(!  (/.  (dicni: 
North   (^iirolina   to   Al;ib;un.i 
- _      (/.    iiiiijor.    p.    214 
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Subgenus  TRIODOPSIS  sensu  stricfo 

The  nominate  subgenus  is  characterized 
by  its  small  or  moderately  large,  umbili- 
cated  shell,  and  the  presence  of  two  lip 
teeth  and  a  parietal  lamella  in  the  aperture. 
Anatomically,  the  description  of  the  genus 
fits  the  subgenus  well.  Subgenera  Xolo- 
frema  and  Neohelix  are  separated  from 
Triodopsis  mainly  on  the  basis  of  shell 
characters,  Cryptonmsfix  on  the  basis  of 
anatomical  features  and  distribution. 

The  subgenus  contains  12  of  the  22  spe- 
cies that  belong  to  the  genus.  Many  of  the 
species  exhibit  great  complexity,  which 
makes  the  classification  difficult  but  pro- 
vides rich  material  for  evolutionary  studies. 
The  species  can  be  grouped  in  five  natural, 
hence  easily  recognizable,  species  com- 
plexes. Tliese  are:  trident ato,  rugosa,  fux- 
tidens,  fraudulenta,  and  fallax. 

The  tridentata  Complex 

The  tridcntota  complex  comprises  three 
closely  related  lorms:  tridentata,  eompla- 
nata  and  hurchi.  Of  these,  tridentata  and 
coniphnuita  are  undoubtedly  distinct  spe- 
cies, while  hurchi,  a  diminutive  form  of 
complanata,  may  be  either  a  distinct  spe- 
cies or  a  subspecies. 

The  tridentata  complex  shows  a  close 
relationship  to  the  rugosa  complex. 

Triodopsis  fridenfata  (Say) 
Plate  I:   1-8 

Helix  tridentata  Say,  1817,  Nicholson's  Encyclo- 
pedia, 1st  American  Edition,  article  "Conchol- 
ogy."  "Middle  States."  Neotype  designated 
by  Pilsbry  (1940:  790,  fig.  474a).  Type  lo- 
cality: northern  edge  of  Philadelphia,  Mont- 
gomery County,  Pennsylvania.  Neotype  and 
paratypes  ANSP  105972. 

Triodopsis  lunula  Rafinesque,  1831,  Enumeration 
and  account  of  some  remarkable  natural  objects 
in  the  cabinets  of  Prof.  Rafinesque,  in  Phila- 
delphia, November  1831:  3.  "Kentucky."  Types 
not  examined. 

Polymjra  tridentata  edentilabri.s  Pilsbry,  1894, 
Nautilus,  7:  140.  "Cumberland  Mountains." 
Type  ANSP  572.5.5. 

Definition.  The  name  tridentata,  as  used 


here,  applies  to  Triodopsis  t.  tridentata  and 
t.  edentilahris  of  earlier  authors. 

Description.  Shell  width  12..3-20.7  mm; 
height  5.5-11.0  mm;  height  to  width  ratio 
0.43-0.57;  umbilicus  2.0-4.3  mm;  umbilicus 
to  width  ratio  0.14-0.24;  embryonic  whorls 
1.4-1.5,  with  striae  and  granules  below  su- 
ture, smooth  elsewhere;  striation  more  pro- 
nounced on  subsequent  whorls;  three  wide, 
low  striae  per  millimeter  on  last  whorl; 
space  between  striae  always  granulated; 
granules  numerous  below  suture  and  in 
umbilical  region;  aperture  oval-triangular; 
lip  swelling  marginal;  lip  teeth  moderately 
developed;  lower  tooth  located  at  variable 
distance  from  juncture  of  lower  lip  with 
shell;  parietal  lamella  slightly  angular, 
pointing  at  or  slightly  below  upper  lip 
tooth. 

Distribution.  Triodopsis  tridentata  oc- 
curs in  southeastern  Canada  and  eastern 
and  central  United  States,  from  Ontario 
south  to  Alabama  and  west  to  Iowa  (Fig. 
3).  It  is  entirely  absent  from  the  eastern 
Kentucky-Tennessee  area,  however,  and  is 
there  replaced  by  the  related  species  Trio- 
dopsis c.  complanata.  This  interesting  phe- 
nomenon will  be  discussed  in  some  detail 
below. 

There  is,  in  the  ANSP  collection,  a  single 
specimen  of  T.  tridentata  (ANSP  57231), 
collected  by  A.  D.  Brown  in  "Adams 
County,  Missouri."  This  record  appears  to 
be  erroneous,  since  no  such  county  exists 
in  Missouri,  and  the  specimen,  judging 
from  its  appearance,  must  have  come  from 
farther  north. 

The  measured  material  comes  from  the 
following  localities.  New  Hampshire: 
Grafton  (2  samples)  and  Merrimack  coun- 
ties (MCZ).  Vermont:  Orleans,  Chitten- 
den, Addison,  and  Rutland  counties  (MCZ). 
New  York:  Albanv,  Herkimer,  Madison, 
Onondaga,  Niagara,  Ulster,  and  Richmond 
counties  (MCZ).  Ontario:  Wellington 
County  (MCZ).  Michigan:  Oakland, 
Washtenaw,  Ingham,  and  Calhoun  (2 
samples)  counties  (MCZ).  Massachusetts: 
Hampden  and  Berkshire  counties   (MCZ). 
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Figure  3.  Distribution  of  Triodopsis  Iridentata,  complanata,  and  burchl  and  the  geographic  variation  of  the  character 
index  in  Iridentata.  One  record  of  tridcntala  from  Illinois  and  another  from  Iowa  hove  been  omitted.  Thick,  dashed 
line  surrounds  the  range  of  c.  complanata,  c.  p/ofysoyoides,  and  burchi.  B,  type  locality  of  burchi;  C,  c.  comp/onto;  P, 
c.  p/ofysoyo/des;  T,  fennesseens/s,  considered  synonymous  with  c.  complanata;  TR,  Iridentata.  Numbers  without  a  circle 
ore  mean  values  of  samples  in  character  index;  they  range  from  15  in  the  north  to  80  in  the  south.  Numbers  encircled 
refer  to  forest  types;  one,  northern  hardwood  forest;  two,  beech-maple;  three,  oak  chestnut;  four,  mixed  mesophytic;  five, 
western    mesophytic;    six,    oak-pine;    seven,    southeastern    evergreen;    eight,   oak-hickory   forest;    nine,    prairie  or   grassland;   ten, 

mopie-basswood    forest    (terminology    after    Braun,     1950).    Elevation;     500-foot   contour    line;    *  —  •  —  •    1500    foot; 

'.  '.  '.  '.  '.  ofco  ovc  3000  feet.     Thin  dashed   lines   mark   state   boundaries. 
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Connecticut:  Fairfield  County  (2  samples, 
MCZ).  New  Jersey:  Mercer  County 
(MCZ).  FennsijJvania:  Northampton,  Phil- 
adelphia, Dauphin,  McKean,  Indiana,  and 
Allegheny  counties  (MCZ);  Lee  County 
(JV).  Maryland:  Garrett  County  (MCZ). 
M^est  Vir<iinm:  Fayette  and  Mercer  coun- 
ties (CM).  Ohio:  Summit,  Lorain,  Wash- 
ington, Muskingum,  Hocking,  Pickaway, 
and  Hamilton  counties  (MCZ).  Indiana: 
Fayette,  Henry,  Franklin,  Dearborn,  Jen- 
nings, Bartholomew,  Jackson,  Monroe,  Har- 
rison, and  Crawford  counties  (MCZ). 
Kentucky:  Pendleton,  Trimble,  Hart,  and 
Edmondson  counties  (MCZ);  Bell  County 
(JV).  Nortli  Carolina:  Avery,  Yancey, 
Henderson,  Swain,  and  Cherokee  counties 
(MCZ).  Tennessee:  Sullivan,  Sevier,  Mon- 
roe, Polk,  Clay,  Cumberland,  Putnam,  Dick- 
son, and  Hamilton  counties  (MCZ).  Geor- 
gia: Stephens,  Habersham,  and  Fulton 
counties  (MCZ).  A  total  of  80  samples, 
1-15  specimens  each,  395  specimens  alto- 
gether. 

Ecology.  Triodopsis  tridentata  occurs  in 
northern  hardwood,  mixed  deciduous,  and 
mixed  oak-pine  forests  (Fig.  3,  phytogeo- 
graphic  terms  after  Braun,  1950).  In  New 
York  and  New  Jersey  it  approaches  sea 
level.  In  the  Appalachian  Mountains,  spe- 
cifically in  the  Roan  Mountains,  Carter 
County,  Tennessee,  it  ascends  to  as  high  as 
4000-5000  feet.  The  latter  habitat  assum- 
edly  still  lies  in  the  oak-chestnut  forests, 
which  reach  up  to  4500-5000  feet  (Braun, 
1950:    206). 

Triodopsis  tridentata  lives  in  the  litter 
layer  of  the  forests,  under  fallen  logs  or 
other  kinds  of  shelter.  Its  food  is  supplied 
by  decaying  leaves  and  the  fungi  that  grow 
on  them.  Its  ecological  niche  thus  seems 
to  be  very  similar  to  that  of  the  related 
forms  T.  c.  compJanata,  /.  juxtidens  or  /. 
fallax.  It  is  probably  because  of  this  simi- 
larity that  tridentata  cannot  coexist  with 
any  of  these  forms.  Should  it  invade,  com- 
petition would  ensue,  which  eventually 
would  lead  to  the  exclusion  of  one  or  the 
other  (exclusion  principle  of  Hardin,  1960). 


This  may  explain  the  distributional  pattern 
(replacement)  of  these  forms  (Figs.  3,  9, 
15).  The  exclusion  principle  seems  also  to 
be  at  work  when  tridentata  overlaps  (geo- 
graphically) other  forms  of  Triodopsis, 
such  as  e.  platysayoides  or  /.  discoidea. 
The  overlapping  forms  do  not  occur  to- 
gether, tridentata  being  confined  always 
to  the  relatively  drier,  and  the  other  two 
the  relatively  more  moist  habitats  within 
the  zone  of  overlap.  In  these  cases,  then, 
exclusion  led  to  ecological  separation  of 
the    (once)    competing  forms. 

Variation.  Aperture:  Four  grades  of 
aperture  can  be  distinguished,  based  on 
the  shape  of  the  aperture  and  development 
of  the  lip  swelling  and  lip  teeth.  In  grade 
A  the  aperture  is  oval-triangular,  the  lip 
swelling  moderately  and  uniformly  thick 
along  its  entire  length  and  the  lip  teeth 
moderately  large  (Plate  I).  Tlie  aperture 
of  grade  B  also  is  oval-triangular,  but  the 
lip  swelling  is  somewhat  thicker,  and  the 
lip  teeth  larger.  In  grade  C  the  outer  con- 
tour of  the  aperture  is  oval-triangu'ar.  The 
inner  contour  of  the  upper  lip  runs  paral- 
lel with  the  outer  contour,  but  that  of  the 
lower  lip  does  not,  because  the  lower  lip 
swelling  is  higher  in  the  middle  than  in 
the  comers,  thus  forming  a  straight,  ledge- 
like structure;  sometimes  the  upper  lip  is 
swollen  instead  of  the  lower.  The  lip  swell- 
ing generally  is  thicker  than  in  grade  B, 
and  the  lip  teeth  are  larger.  In  grade  D 
the  lip  swelling  is  the  thickest,  the  lip 
tooth  the  largest,  and  both  the  upper  and 
lower  lip  swellings  are  straight,  like  the 
lower  lip  swelling  of  grade  C.  The  four 
grades  form  a  continuous  series,  although 
A-B  and  C-D  are  more  similar  to  each 
other  than  is  B  to  C. 

Similar  aperture  series  occur  in  T.  falkix, 
T.  copci,  T.  mullani,  T.  rugosa,  and  T.  fraud- 
ulenta.  In  all  cases  except  that  of  copei  the 
grades  with  the  heavier  armature  occupy 
higher  elevations  than  do  those  with  the 
lighter  armature.  This  seems  to  indicate 
that  the  heavy  armature  is  an  adaptation  to 
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Table  I 
Chart  for  Computing  Character  Index  jx  Tri- 
odopsis  trident  at  a.  method  of  calculation: 
A  Specimen  with  a  Shell  Width  of  20.5  mm, 
AN  Upper  Tooth  to  Lower  Tooth  Ratio  of  1.10, 
and  an  Aperture  Grade  D  was  Scored  ( 100  + 
70  +  30)/2  =  100,  the  Available  Maximum 
Score. 


Upper  to 

Aper- 

I.O^VER  TOOTH 

ture 

Score 

Shell  width 

RATIO 

GRADE 

0 

12.3-12.7 

0.69-0.72 

A 

Northern 

5 

12.8-13.1 

0.73-0.74 

populations 

10 

13.2-13.5 

0.75-0.77 

B 

> 

^ 

15 

13.6-13.9 

0.78-0.80 

20 

14.0-14.2 

0.81-0.83 

C 

25 

14.3-14.6 

0.84-0.86 

.30 

14.7-14.9 

0.87-0.89 

D 

35 

15.0-15.3 

0.90-0.92 

40 

15.4-15.6 

0.93-0.95 

45 

15.7-16.0 

0.96-0.98 

50 

16.1-16.3 

0.99-1.01 

55 

16.4-16.7 

1.02-1.04 

60 

16.8-17.1 

1.05-1.07 

65 

17.2-17.5 

1.08-1.09 

70 

17.6-17.9 

1.10-1.13 

75 

18.0-18.3 

80 

18.4-18.7 

85 

18.8-19.1 

90 

19.2-19.6 

> 

f 

95 

19.7-20.1 

Southern 

100 

20.2-20.7 

populations 

high  elcxations,  but  its  specific  significance 
is,  as  yet,  unknown  (p.  239). 

The  geograjihic  variation  of  the  aperture 
is  basicalK'  clinal,  since  in  the  nortliern 
parts  of  the  range  grade  A  individuals  pre- 
dominate, in  the  middle  regions  grade  B, 
and  in  tlie  southern,  grade  C.  The  grade  D 
specimens,  however,  do  not  fit  into  this 
pattern,  since  they  occur  near  \\\e  center 
of  the;  range,  instead  of  in  the  southern 
end,  as  might  be  expected.  This  seemingly 
anomalous  distribution  makes  sense  onK  if 
we  consider  that  1)  is  a  mountain-adapted 
fomni,  and  that  the  area  southeast  of  the 
center  of  the  range  is  mountainous.  Thus, 
it  is  natural  that  alliludinal  \ariation  is 
superim]:)osed  upon  (lie  basically  latitud- 
inal, clinal  \ariation. 

Meafntred  characters:  The  shell  widlh 
(size)    is  statistically  correlated   with   shell 


height,  umbilicus,  and,  to  a  degree,  with 
the  ratio  of  the  upper  lip  tooth  distance  to 
the  lower  lip  tooth  distance.  The  species 
shows  an  overall  size  increase  in  its  range 
from  north  to  south.  In  the  southern  half 
of  the  range,  however,  the  \ariation  is  ir- 
regular; we  cannot,  therefore,  speak  of  a 
true  cline  in  size. 

The  height  to  width  ratio  and  umbilicus 
to  \\'idth  ratio  vary  irregularly  throughout 
the  entire  range.  The  upper  tooth  to  lower 
tooth  ratio  shows  a  slight  and  gradual  in- 
crease from  north  to  south.  This  ratio  is, 
to  an  extent,  correlated  wWh  the  aperture 
grades,  grade  A  specimens  having  lower, 
and  grade  B,  C  and  D  specimens  increas- 
ingly higher  ratios.  The  correlation  is  not 
a  perfect  one,  however,  because  grade  B, 
on  the  basis  of  overall  similarity,  is  closer 
to  grade  A  than  to  grade  C,  but  according 
to  the  upper  tooth  to  lo^^'er  tooth  ratio, 
it  appears  to  be  closer  to  C  than  to  A. 

Character  index:  The  character  index 
was  calculated  with  the  aid  of  the  chart 
shown  below  ( Table  I ) .  The  mean  values 
of  populations  in  the  character  index  sho^^• 
a  gradual  increase  from  north  to  south 
(  Fig.  3 ) .  A  relatively  sharp  character  gra- 
dient occurs  onb'  in  the  area  where  the  \al- 
leys  of  the  Ilolston  and  French  Broad 
rivers,  and  the  Yadkin  and  Catawba  rivers 
cut  deeply  into  the  ranges  of  the  Appala- 
chians. These  valleys  ma\'  be  responsible 
for  the  existence  of  the  gradient,  because 
they  probably  act  as  partial  barriers  to  the 
gene   flow   along   the   Appalachian   ranges. 

The  range  of  x'ariation  in  the  character 
index  is  of  the  same  ordei-  of  magnitude 
in  all  measurc'd  populations  (  P'ig.  4).  Note 
that  in  this  figure  it  is  not  the  actualh'  ob- 
ser\c'd  ranges  which  aic  compared,  but  the 
mean  expec-ted  ranges  ol  Inpothetical  pop- 
ulations. I'he  obsiMAcd  rang(\s  cannot  be 
directl\-  compared,  because  the\-  belong  to 
ix)]mlati()ns  of  different  size,  and  the  range 
ol  \ariation  tends  to  vary  with  the  size  of 
tlie  jiopulation.  Therefore,  w c  unist  calcu- 
late how  laige  the  range  of  \ariation  would 
he  it    the   populalious  were  all  ol    the  same 
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size.  This  can  be  done  b\-  nsing  Simpson's 
method  (1941),  wliieh,  l)rieH\,  consists  ol 
mnltiplyini^  the  standard  deviation  of  the 
actnal  iiopniations  by  an  appropriate  fac- 
tor, e.g.,  6.48  if  N  =  30  is  selected  as  the 
standard  population  size.  The  hypothetical 
ranges  thus  obtained  can  be  direct!)'  com- 
pared. These  ranges  for  all  Ividcntata  pop- 
ulations are  of  the  same  order  of  magni- 
tude, which  indicates  that  the  variation  of 
the  species  is  primary.  (Should  secondar\' 
intergradation   be  the  case,  the  intergrad- 


ing  populations  would  be  expected  to  show 
greater  variation  than  the  others.)  This 
conclusion  is  supported  by  the  fact  that 
the  distribution  curves  of  the  populations 
in  the  character  index  are  nonnal  (Fig.  5), 
whereas  those  of  hybrid  populations  are 
skewed  ( see  histograms  of  T.  juxtidens  and 
T.  folla.w  Figs.  11  and  18). 

Si/stematic.s.  Triodopsi.s  tridentata  of 
Pilsbry  (1940)  and  most  contemporary  au- 
thors is  an  oversized,  artificial  taxon.  It  is 
said  to  consist  of  six  subspecies,  but,  in 
my  opinion,  four  of  these  should  be  ex- 
cluded and  the  other  two  should  be  com- 
bined. Those  to  be  excluded  are  T.  t.  com- 
planata,  t.  tcnnesseensis,  t.  juxtidens,  and  t. 
di.scoidea;  those  to  be  combined  are  t.  tri- 
dentata and  t.  edentila])ris.  Triodopsis  t. 
edentilabris  (PI.  I,  figs.  5,  6)  of  the  "Cum- 
berland Moimtains"  differs  from  tridentata 
in  lacking  the  lip  teeth,  although  the  lip 
swelling  is  normally  developed,  and  in 
having  more  obese  whorls  and  a  shorter 
and  higher  aperture.  It  must  be  admitted 
that  these  specimens  are  "recognizably  dif- 
erent"  from  tridentata.  But  toothless  speci- 
mens, which  approach  edentilabris;  occur 
in  many  populations  of  tridentata.  Also, 
it  must  be  kept  in  mind  that  there  are  only 
three  known  specimens  of  edentilabris; 
thus,  we  cannot  expect  to  find  much  inter- 
gradation. For  these  reasons,  I  prefer  to 
consider  edentilaJ)ris  a  synon\'m  of  triden- 
tata. The  distributional  data  allow  this 
conclusion,  since  edentilabris  is  only  known 
from  a  single  locality  somewhere  in  the 
Caimberland  Moimtains,  which  lie  within 
the  range  of  tridentata. 

The  difference  betwt'cn  the  northern 
and  southern  populations  of  tridentata  is 
as  great  as  that  between  differc>nt  species. 
It  ma\"  therefore  seem  desirable  to  separate 
th(\se  populations  on  the  subspecies  le\"el. 
Because,  howexcr,  the-  two  populations 
intergrade  without  a  conxcMiieut  break 
which  would  allow  a  natural  di\ision  be- 
tween them,  it  seems  better  to  keep  them 
in  a  singk^  taxon. 

Efohilionanj     rehili())iship.s.      Triodop.^is 
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tridentata  is  probably  the  stock  from  which 
developed  the  related  species  T.  compla- 
nata  and  T.  hurchi.  It  has  a  three-toothed 
aperture  and  a  striated  shell,  whereas  com- 
phinata  and  hurchi  have  reduced  dentition 
and  smooth  or  striated  shells.  The  triden- 
tata features  can  be  considered  primitive, 
because  they  are  common  in  many  unspe- 
cialized  species  of  Triodopsis.  The  features 
of  complanata  and  hurchi  are  presumably 
more  advanced,  because  they  occur  in  a 
few  species  which  may  well  be  ecologically 
specialized. 

Sumnianj.  (1)  Triodopsis  tridentata  is 
a  monotypic  species.  It  corresponds  to  the 
former  T.  tridentata  tridentata,  to  which 
the  former  t.  edentilahris  is  added  as  a 
synonym. 

(2)  Triodopsis  tridentata  is  distributed 
in  eastern  North  America  from  Ontario 
south  to  Alabama  and  west  to  Iowa.  In 
eastern  Kentucky  and  eastern  Tennessee  it 
is  replaced  by  the  related  form  T.  c.  com- 
planata. 

(3)  Triodopsis  tridentata  lives  in  the  lit- 
ter layer  of  mixed  deciduous  and  oak-pine 
forests,  ranging  from  low  to  high  eleva- 
tions. It  shows  habitat  exclusion  with  T. 
c.  eompJanata,  j.  juxfidens,  and  /.  fallax, 
and  with  7\  e.  plaft/sayoides  and  /.  dis- 
coidea. 

(4)  The  geographic  variation  of  certain 
features  is  clinal  that  of  others  irregular. 
There  is  a  continuous  intergradation  be- 
tween the  extreme  northern  and  the  ex- 
treme southern  populations  in  combined 
character  index.  The  range  of  variation  is 
essentially  the  same  in  all  populations. 

( 5 )  Triodopsis  tridentata  is  probably  an- 
cestral to  T.  complanata  and  T.  hurchi. 

Triodopsis  complanata  (Pilsbry) 
Triodopsis  complanata  complanata 
(Pilsbry) 

Plate  I:  9-11 

Polygyra  tridentata  var.  complanata  Pilsbry,  1898, 
Nautilus  12:  22.  Burnsidc,  Pulaski  County, 
Kentucky.    Type  ANSP  71399. 

Polygyra  tridentata  var.  tennesseensis  Walker  and 
Pilsbry,  1902,  Proc.  Acad.  Nat.  Sci.  Phikulelphia 


54:  422.  Foot  of  the  high  bhiffs  on  south  side 
of  French  Broad  River  below  Paint  Rock,  Madi- 
son County,  North  Carolina.   Type  ANSP  84022. 

Definition.  Triodo})sis  c.  complanata 
combines  the  former  T.  tridentata  compla- 
nata and  t.  tennesseensis. 

Description.  Shell  width  16.7-23.3  mm; 
height  8.0-10.6  mm,  height  to  width  ratio 
0.40-0.54;  umbilicus  2.9-6.0  mm,  umbili- 
cus to  width  ratio  0.17-0.26;  embryonic 
whorls  1.4-1.5,  with  dense  striae  and  long, 
transverse  granules;  two  subsequent  whorls 
almost  exclusively  with  granules,  then  stri- 
ation  becoming  more  iDronounced,  ^3-4  low 
to  moderately  high  striae  per  millimeter  on 
last  whorl;  intervals  between  striae  with 
granules;  incised  spiral  lines  appearing 
after  breakage;  aperture  oval-triangular; 
lip  swelling  well  developed,  marginal  or 
sometimes  bulging  in  vicinity  of  upper  lip 
tooth;  lip  teeth  very  small,  sometimes  only 
bare  traces,  rarely  moderately  large;  upper 
lip  tooth  rather  close  to  juncture  of  upper 
lip  with  shell;  distance  between  lip  teeth 
nearly  as  great  as  distance  of  upper  lip 
tooth  from  juncture  of  upper  lip  with  shell; 
parietal  lamella  short,  pointing  well  below 
upper  lip  tooth. 

Differential  diaiinosis.  Triodopsis  c.  com- 
planata is  best  distinguished  from  T.  tri- 
dentata on  the  basis  of  apertural  features. 
The  lip  swelling  is  very  close  to  the  edge 
of  the  aperture,  so  that  the  latter  appears 
swollen,  especially  in  the  vicinity  of  the 
upper  Hp  tooth.  The  lip  teeth  are  small, 
sometimes  barely  discernible,  rarely  mod- 
erately large;  the  distance  between  the  up- 
per and  lower  lip  teeth  is  nearly  as  great  as 
the  distance  between  the  upper  lip  tooth 
and  the  juncture  of  the  upper  lip  with  the 
shell  ( Fig.  6 ) .  The  parietal  lamella  is  short 
and  straight,  corresponding  to  the  distal 
portion  of  the  parietal  lamella  of  tridentata, 
and  when  looking  at  the  shell  from  below, 
points  well  below  the  upper  lip  tooth.  In 
tridentata,  the  lip  swelling  is  moved  back 
slightly  from  the  peristome,  so  that  the  lat- 
ter is  relatively  sharp.  The  lip  teeth  are 
medium   to   well   developed;   the   distance 


158        Bulletin  Museum  of  Comparative  Zoology,  Vol.   136,   No.   7 


70 


6.0 


50 


4.0 


30 

M 

M 


© 


• 
9  * 

99  • 

9  • 

9  9 

9  »  O  » 

39   3       9 
99  99      •     3 • 
3        3   3   3      •  • 

3   33333  3       ••   i 
3333  3«3«** ••• 
3   3     3«3««f«« 

393   3*i     •   • 
333   3  il      •••••• 

333**3   t.**   • 
3  3333*3  3lli«***   • 
333»     • •       •• 

3   3  3  •  3  •  3  •  •  • 

33  t*«*4 • ••  • 

3   3   M^J***** 
3333*§«   «•••• 

33     3     ••••••   • 

3   3 ••••••   •   • 

3  3  33l{       •••••••• 

999* •••••• •      • 

33333«***** 
3   3  9» • • • •       • 

3     3   •  3     •  •  • 

3     ••3     ••••     O 

33 •  •  •        O 

3       •   •Og • 

o  o  o 
o  o  o 
o  oo 
o  o 
oo  o  o 

o 
o  o  o 
o   o 


8 


TRIDENTATA 
COMPLANATA 
BURCHl 
JUXTIDENS 


2.0 


3.0 


4.0 


5.0 


Figure  6.  Scatter  diagram  of  upper  lip  tooth  distance  (ordinate)  versus  distance  between  upper  and  lower  lip  teeth  (ab- 
scissa) in  Triodopsis  tndentata,  cornplonaia,  burchi,  and  juxtidens.  Each  dot  represents  one  or  more  specimens.  Scale  in 
millimeters. 


between  the  upper  and  lower  lip  teeth  is 
delinitely  smaller  than  the  distanee  be- 
tween the  npper  lip  tooth  and  the  junetnre 
of  the  upper  lip  with  the  shell.  The  i)ari- 
etal  lamella  is  long  and  slightly  angular;  it 
points  to  or  slightly  below  the  upper  lip 
tooth.  Further  differenees  are  in  the  shell. 
Triodopsi.s  c.  complanata  is  larger  and  flat- 
ter than  Iriclentata,  although  there  is  a  wide 
overlap.  Also,  c.  compldndfa  is  somc^timc^s 
smooth  and  glossy,  whereas  Iridciitald  is 
always  striated.  Striated  c.  coni])l(niala 
shells  with  relatively  we II -developed  teeth 
may  l)e  diffieult  to  separate  from  Iridcu- 
tata. 

Pilsbry    emphasizes    the    similarities    be- 


tween c.  coniphnuita  and  /.  (Usroidca,  say- 
ing that,  "Exeept  in  the  wideh  separated 
and  weaker  lip  teeth  it  [r.  coniplaiwta] 
resembles  T.  t.  discoidca  .  .  .  ."  (1940:  801). 
1  l)elie\'e  that  Pilsbr>-  was  deseribing  onl\' 
a  superlieial  similarit\  eaused  by  the  gloss- 
iness of  the  shell.  Triodopsis  t.  discoidca 
(j.  discoidca)  in  realitx  belongs  to  (piite 
another   speeies   eomple.x,  ju.xtidcns. 

DistrihtifioiL  Triodopsis  c.  complanata 
oeeurs  in  Kcntuekx,  Tenncssei',  and  the 
adjoining  regions  of  West  N'irginia,  \'ir- 
ginia,  and  North  (^aiolina  (Fig.  3).  It  is 
remarkable  that  the  iclatcxl  s[)eeic\s,  T.  Iri- 
dcntafa,  whieh  oeems  from  Ontario  south 
to    .Alabama,    is    lai<j;el\"    absent    from    this 
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area.  This  replacement  will  be  discussed 
in  the  section  on  ecology. 

In  the  MCZ  collection  there  is  a  speci- 
men allegedly  from  Mt.  Ascutney,  Wind- 
sor County,  Vermont  (MCZ  49268,  from 
the  Stearns  Collection ) .  This  locality  is 
so  far  outside  the  normal  range  that  its 
correctness  is  questionable. 

The  measured  material  comes  from  the 
following  localities  (Fig.  3).  West  Vir- 
g.inia:  Logan  County  (2  samples,  JV). 
Vir<^inia:  Scott  County  (MCZ).  Kentucky: 
Henry,  Marion,  Casey,  Pulaski,  and  Rus- 
sell counties  (MCZ);  Pulaski  (2  samples), 
Breathitt  and  McCreary  counties  (ANSP). 
Tennessee:  Washington,  Monroe,  Hancock, 
and  Overton  counties  (MCZ);  Hamblen, 
Knox,  Morgan,  and  Hamilton  counties 
(ANSP).  North  Carolina:  Madison  County 
(ANSP).  A  total  of  22  samples,  1-11  speci- 
mens each,  65  specimens  altogether. 

EcoJoiiy.  Triodopsis  c.  compJanata  oc- 
curs in  oak-chestnut,  mixed  mesophytic, 
and  western  mesophytic  forests,  between 
500  and  1500  feet  elevation  ( Fig.  3 ) .  The 
forest  boundaries  do  not  coincide  with  the 
subspecies  borders.  Nor  do  the  contour 
lines,  except  in  the  eastern  part  of  the 
range,  where  the  subspecies  border  closely 
follows  the  1500  foot  line. 

Triodopsis  c.  complanata  is  absent  from 
the  territory  of  T.  tridentata  nearly  every- 
where (Fig.  3).  The  apparent  reason  is 
that  the  two  species,  which  are  of  similar 
size  and  also  of  similar  living  habits,  com- 
pete with  each  other;  given  enough  time, 
one  will  exclude  the  other.  This  phenome- 
non of  exclusion  (Hardin,  1960)  provides 
an  explanation  of  the  geographical  replace- 
ment of  tridentata  with  c.  complanata, 
mentioned  above. 

Variation.  The  sculpture  is  correlated 
with  the  habitat  to  the  extent  that  smooth 
and  shiny  shells  only  occur  in  places  near 
water,  whereas  striated  shells  occur  both 
near  and  far  away  from  water.  It  is  pos- 
sible that  the  smooth  sculpture  is  caused 
by  the  high  degree  of  humidity  of  the  habi- 


tat (Rensch,  1932),  but  there  are  no  ex- 
perimental data  available. 

The  measured  characters  are  statistically 
correlated  with  each  other;  their  geo- 
graphic variation  is  irregular. 

Systematics.  Triodopsis  c.  complanata 
as  defined  in  this  paper  combines  the  for- 
mer T.  tridentata  complanata  and  t.  tennes- 
seensis.  The  combination  of  these  forms  is 
justified  on  moq^hological  and  distribu- 
tional grounds.  The  former  is  said  to  have 
a  smooth  shell,  the  latter  a  striated  one. 
In  fact,  however,  many  specimens  occur 
with  finely  striated  shells  which  may  be- 
long to  either  of  the  two  "subspecies."  The 
two  forms  do  not  have  separate  ranges  ei- 
ther; instead,  the  striated  form  surrounds 
and  "overlaps"  the  smooth  form,  which  oc- 
curs in  a  very  restricted  area.  Thus,  to 
consider  the  smooth  population  a  subspe- 
cies would  amount  to  calling  an  ill-defined 
and  localized  form  a  subspecies,  which,  I 
believe,  should  be  avoided.  The  irony  of 
the  situation  is  that  the  name  of  the  more 
widely  distributed  form,  tcnnesseensis,  is 
newer  than  that  of  the  restricted  form,  com- 
planata, and  therefore  the  former  must  be 
considered  a  synonym,  and  the  latter  the 
valid  name. 

Triodopsis  c.  complanata  must  be  specif- 
ically separated  from  T.  tridentata.  It  over- 
laps and  in  a  few  places  coexists  with  tri- 
dentata without  interbreeding,  which  proves 
that  it  is  specifically  distinct  from  that  spe- 
cies. 

Triodopsis   complanata   plafysayoides 
(S.  T.   Brooks) 

Folijgijni  platijsaijoides  Brooks,  1933,  Nautilus  46: 
54.  Cooper's  Rock,  Monongalia  County,  West 
Virginia.   Type  not  seen. 

Definition.  Triodopsis  c.  platysayoides 
is  the  fomier  T.  platysayoides. 

Description  and  differential  dia<!^nosis. 
Triodopsis  c.  platysayoides  differs  from  c. 
complanata  in  the  larger  dimensions  of  the 
shell  and  the  more  cylindrical  umbilicus. 
The  width  of  the  shell  is  26.5  mm  (16.7- 
23.5   mm   in   c.    complanata);   height    10.5 
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mm,  height  to  width  ratio  0.40;  umbiHcus 
60  mm,  umbilicus  to  \\'idth  ratio  0.23  on 
the  only  specimen  which  was  fit  for  taking 
measurements.  The  shell  is  finely  striated 
and  shiny.  The  lip  teeth  are  absent,  but 
the  lip  swelling  is  somewhat  thicker  in 
those  places  where  the  lip  teeth  would  oc- 
cur. The  umbilicus  is  almost  as  wide  at 
the  beginning  as  at  the  later  whorls;  thus 
it  is  more  cylindrical  than  the  umbilicus  of 
c.  complanato. 

Disiiihufion.  Triodopsis  c.  plat ij say oklcs 
is  a  geographical  isolate  of  c.  complanata. 
It  is  known  only  from  a  single  locality  in 
northern  West  Virginia,  Cooper's  Rock 
State  Park  in  Monongalia  County,  about 
150  miles  away  from  the  area  of  c.  com- 
planata (Fig.  3).  Two  samples,  4  speci- 
mens altogether,  have  been  studied. 

Ecology.  The  habitat  in  which  T.  c. 
platysayoides  lives  is  a  deep  canyon  of  the 
Cheat  River,  between  1000  and  1300  feet 
elevation.  We  failed  to  find  the  snail  on 
the  hills  which  surround  the  canyon.  Only 
T.  tridentata  was  found  on  these  hills. 
This  arrangement  seems  very  similar  to 
that  found  between  T.  c.  complanata  and 
T.  tridentata,  and  thus  it  seems  likely  that 
ecological  exclusion  is  also  involved  here. 

Variation.  Because  of  the  extremely 
small  population,  there  is  no  variation  to 
speak  of. 

Sy.stematics.  Triodopsis  c.  platysayoides 
is  usually  ranked  as  a  full  species  in  the 
contemporary  literature.  It  is  more  likely, 
however,  that  it  is  conspecific  with  T.  c. 
complanata,  because  they  are  moiphologi- 
cally  remarkably  similar.  The  similarity  is 
so  great,  indeed,  that,  should  populations 
be  found  in  the  area  that  presently  isolates 
them,  intergradation  could  be  expected  to 
OCCVU-.  It  stands  to  reason,  however,  that 
platysayoides  should  ha\-e  subspecifie  rank, 
because  it  is  geographicalK  isolated  from 
the  main  population  of  complanata. 

Summary.  ( 1 )  Triodopsis  complanala 
consists  of  two  subspecies:  c.  complanala 
and  c.  platysayoides.  The  nominate  sub- 
species combines  th(>   former  T.   Iridenlafa 


complanata  and  t.  tennesseensis,  whereas 
c.  platysayoides  corresponds  to  the  fonner 
T.  platysayoides. 

(2)  The  two  subspecies  of  T.  compla- 
nata are  geographically  isolated  from  each 
other.  The  nominate  subspecies  geograph- 
ically replaces  T.  tridentata. 

(3)  Both  subspecies  favor  low  areas. 
Here  they  can  compete  successfully  with 
the  related  species,  T.  tridentata,  which  is 
more  successful  at  higher  elevations.  The 
two  species  as  a  rule  do  not  invade  each 
other's  habitat,  thus  showing  ecological 
exclusion. 

(4)  The  sculpture  seems  to  vary  with 
the  wetness  of  the  habitat  to  some  ex- 
tent. Other  characters  show  irregular  geo- 
graphic variation. 

Triodopsis    burchi   Hubricht 
Plate  \:   12-14 

Triodopsis  tcnncssccn.sis  suhsp.  ])urchi  Hubricht, 
1950,  Nautilus  64:  8.  From  along  Route  U.S. 
58,  3  miles  west  of  Danville,  Pittsylvania 
County,  Virginia.    Type  ANSP  186178. 

Definition.  Triodopsis  hurchi  corresponds 
to  the  former  T.  tennesseensis  hurchi  (T. 
tennesseensis  is  considered  a  synonym  of 
T.  c.  comjdanata). 

Description.  Shell  width  8.9-13.2  mm; 
height  4.9-6.2  mm,  height  to  width  ratio 
0.45-0.56;  umbilicus  1.5-2.7  mm,  umbilicus 
to  width  ratio  0.L5-0.21;  embryonic  whorls 
1.4-1.5,  striated  below  suture,  smooth  else- 
where; subsequent  whorls  with  more  pro- 
nounced striae,  last  whorl  w  ith  ;3-4  striae 
per  millimeter;  intervals  between  striae 
smooth  or  with  granules;  umbilical  region 
and  shoulder  of  last  whorl  alwa\s  with 
granules;  in  some  specimens,  fine  spiral 
lines  (20  per  mm)  also  present  near  aper- 
ture; lines  worn  off  easily,  leaving  smooth 
slu'll;  aperture  oval-triangular,  upper  side 
genth'  cur\'ing,  lower  almost  straight;  lip 
swelling  thick  to  \(  ly  thick,  upper  lip 
swelling  bulging  near  \\\)  tooth;  lip  teeth 
moderate  to  small  to  almost  none;  upper  to 
lower  tooth  ratio  0.78-0.92;  pari(>tal  lamella 
modcriite  to  small,  corresponding  to  dist;i1 
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portion  of  a  full  parietal  lamella,  pointing 
well    below    upper    lip    tooth. 

Differential  diagnosis.  Triodopsis  hurchi 
"differs  from  T.  tennesseensis  [T.  c.  com- 
planata]  in  being  much  smaller,  with  a 
more  glossy  surface"  (Hubricht,  1950b). 
The  two  forms  are  otherwise  nearly  identi- 
cal. The  glossiness  of  the  shell  is  due  to 
the  almost  complete  lack  of  granules  on  the 
last  whorl;  in  c.  complanata  this  is  granu- 
lated and  hence  dull. 

Distribution  and  ecology.  Triodopsis 
hurchi  is  a  geographical  isolate  of  T.  c. 
complanata  (Fig.  3).  The  Blue  Ridge  and 
the  Appalachian  mountains  isolate  the  two 
forms.  There  is  a  distance  of  about  one 
hundred  miles  between  the  closest  hurchi 
and  c.  complanata  localities.  The  range  of 
hurchi  is  confined  to  the  Inner  Piedmont  of 
Virginia,  from  Pittsylvania  County  to  the 
Blue  Ridge  Mountains.  The  area  is  cov- 
ered by  mixed  oak-pine  and  oak-chestnut 
forests.  The  elevation  ranges  from  500  to 
1500  feet. 

The  measured  material  comes  from  the 
following  localities:  Virginia:  Pittsylvania, 
Henry,  and  Roanoke  counties  (ANSP).  A 
total  of  3  samples,  2-15  specimens  each,  29 
specimens  altogether. 

Variation.  As  can  be  expected  because 
of  its  small  population  and  restricted  distri- 
bution, the  variation  of  T.  hurchi  is  limited. 

Systematics.  Triodopsis  hurchi  was  orig- 
inally ranked  by  Hubricht  as  a  subspecies 
of  T.  tennesseensis  {T.  c.  complanata]. 
More  recently  (1958),  he  ranked  the  taxon 
as  a  full  species,  without  stating  his  reasons 
for  the  change.  It  seems  to  me  that  either 
arrangement  is  acceptable.  The  only  thing 
that  could  settle  the  question,  i.e.,  whether 
or  not  the  two  forms  are  reproductively 
isolated,  is  not  known,  since  they  are  not 
in  contact  in  nature.  If  we  assume,  as  is 
done  here,  that  the  great  difference  in 
body  size  between  hurchi  and  c.  compla- 
nata could  prevent  interbreeding,  we  may 
assign  hurchi  full  specific  rank.  Otherwise 
we  may  consider  it  a  subspecies  of  T. 
complanata. 


Summary.  Triodopsis  hurchi  is  a  geo- 
graphic isolate  of  T.  c.  complanata,  and  is 
presumably  reproductively  isolated  from 
that  species.  It  is  distributed  over  a  small 
and  uniform  area.    Its  variation  is  limited. 

Evolutionary  relationships  in  the  com- 
planata-hurchi  group.  Triodopsis  c.  platy- 
sayoides  and  T.  hurchi  are  peripheral 
isolates  of  T.  c.  complanata,  which  is  an 
indication  that  they  are  relatively  recent 
descendants  of  the  latter  form.  The  fact 
that  hurchi  is  much  smaller  and  c.  platy- 
say aides  is  larger  than  c.  complanata  is 
consistent  with  this  interpretation,  since 
peripheral  isolates  are  the  most  variable 
elements  of  a  population  (Mayr,  1963). 
Still  another  fact  supporting  the  above  in- 
terpretation is  that  c.  complanata  has  either 
a  smooth  or  a  coarsely  striated  shell, 
whereas  the  tsvo  other  forms  have  smooth 
or  finely  striated  shells.  A  coarsely  striated 
shell  is  generally  a  primitive  feature  in 
Triodopsis  (p.  157). 

The  complanata-hurchi  group  probably 
evolved  from  tridentata. 

The  HUGOS  a  Complex 

Definition.  The  rugosa  complex  contains 
two  taxa,  rugosa  and  fulciden,  which  can 
be  considered  either  distinct  species  or 
conspecific  subspecies. 

Triodopsis  rugosa   Brooks  and  MacMlllan 
Plate  I:  15-18 

Triodopsis  tridentata  var.  rugosa  Brooks  and  Mac- 
Millan,  1940,  Nautilus  53:  96,  pi.  12,  fig.  3. 
Damp  ravine,  Blair  Mountain,  1  mile  southwest 
of  Blair,  Logan  County,  West  Virginia.  Para- 
type  ANSP  174909. 

Triodopsis  rugosa  var.  anteridon  Pilsbry,  August  1, 
1940,  Monogr.  Acad.  Nat.  Sci.  Philadelphia  No. 
3:  Land  Mollusca  of  North  America,  1  (2): 
803,  fig.  477.  Valley  Forge,  Carter  County, 
Tennessee.    Type  ANSP  150304. 

Definition.  Triodopsis  rugosa  combines 
the  fonner  T.   r.  rugosa  and  r.  anteridon. 

Description.  Shell  width  10.6-15.5  mm; 
height  5.4-7.2  mm,  height  to  width  ratio 
0.42-0.54;  umbilicus  1.7-3.6  mm,  umbilicus 
to  width  ratio  0.16-0.23;  embrvonic  whorls 
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Figure  7.  Distribution  of  Triodopus  rugosa  and  fukiden,  and  the  geographic  variation  of  the  umbilicus  to  width  ratio  in 
rugoso.  Thick,  solid  line  surrounds  the  range  of  rugoso;  thick,  dashed  line  separates  the  samples  with  a  narrow  um- 
bilicus (umbilicus  to  width  ratio  0.17-0.19)  from  those  with  a  somewhat  wider  umbilicus  (0.20-0.21);  dotted  line  surrounds 
the  range  of  lulciden.  A,  type  locality  of  an/eridon,  considered  synonymous  with  rugosa;  F,  fukiden;  R,  rugoso.  Num- 
bers without  a  circle  are  mean  values  of  samples  in  umbilicus  to  width  ratio.  Other  symbols  refer  to  elevation,  forest 
types,    and   state   boundaries,    as    explained    in    Figure    3. 


1.4-1.5,  with  striae  l)elo\v  suture;  striation 
becoming  more  pronounced  on  subsequent 
whorls;  last  whorl  \\  ith  4-5  striae  per  milli- 
meter; intervals  of  striae  with  fine,  oblong 
granules  or  delicate  spiral  lines  except  on 
shoulder,  which  is  always  granulated;  ap- 
erture trapezoid,  or  upper  side  rounded, 
lower  straight;  upper  lip  swelling  thin  to 
very  thick,  lower  lip  swelling  always  thick, 
forming  a  straight  ledge;  upper  lip  tooth 
often  smaller  than  lower,  somewhat  reccnl- 
ing,  and  supported  below  by  a  slanting 
buttress;  lower  tooth  located  at  or  to  the 
left  of  middle  of  lower  lip;  jiarietal  lamella 


straight,  bladelike  and  outstanding,  point- 
ing above  uppc>r  lip  tooth. 

Differential  diapio.si.s.  Triodopsis  ni<j.i).sa 
differs  from  the  members  of  the  tridentata 
complex  in  that  the  shape  of  tht>  aperture 
is  a  trapezoid  (sometimes  with  a  rounded 
upper  side);  the  upper  lip  tooth  is  receding, 
often  smaller  than  the  lower  lip  tooth,  and 
has  a  slanted  buttress  below;  the  parietal 
lam(41a  is  large  and  points  aboxc  the  upper 
lip  tooth.  In  the  tridentata  group,  the  aper- 
ture is  oval-triangular,  the  upper  lip  tooth 
is  not  receding  or  buttressed,  the  two  lip 
teeth    are   e(|ually   (IcNcloped,    the    ]iarielal 
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lamella  is  of  normal  size  and  points  below  this  has  not  been  confirmed.    The  signifi- 

the  upper  lip  tooth.  cance  of  the  strong  armature  is  not  known. 

Triodopsis  nigosa  differs  from  T.  pendula  Scidpture:   The  intervals  of  the  striae  on 

in  that  the  upper  lip  tooth  is  often  smaller  the  last  whorl  are  covered  by  papillae,  fine 

than  the  lower  lip  tooth  and  is  buttressed;  spiral  lines  or,  in  places,  by  structures  in- 

the  lower  lip  tooth  is  near  the  middle  of  termediate    between    papillae    and    spiral 

the  lip;  the  last  whorl  behind  the  aperture  lines.    The   latter   structures   can   be   envi- 

is  less  than  IV2  times  as  wide  as  the  penul-  sioned   as   papillae   with   linear   extensions 

timate,  whereas  in  pcndida  the  upper  lip  on  the  two  sides.   Through  these  structures, 

tooth  is  of  normal  size  or  even  broader  than  the    papillae    and    spiral    lines    intergrade. 

normal,  and  not  buttressed;  the  lower  lip  Shells  with  predominantly  papillose  sculp- 

tooth  is  to  the  left  of  the  middle  of  the  lip,  ture    occur   in    the    northern    and    western 

and  the  last  whorl  behind  the  aperture  is  parts  of  the  range,  those  with  spiral  lines, 

1%  to  2  times  as  wide  as  the  penultimate  in  the  southern  and  eastern  parts  (Fig.  8). 

one.  Measured  characters:    The  width  of  the 

Distribution.    Triodopsis  rugosa  is  found  shell  is  correlated  with  height  and  umbili- 

in  a  small  area  which  joins  West  Virginia,  cus,   not   with   aperture   or   sculptiue.    All 

Virginia,    Kentucky    and    Tennessee.     The  characters  show  irregular  geographic  vari- 

measured  material  comes  from  the  follow-  ation,  except  the  umbilicus  to  width  ratio, 

ing    localities    (Fig.    7):     Virginia:     Wise  which  increases  from  north  to  south  (Fig. 

County   (ANSP,  2  samples;  MCZ,   1  sam-  7).    The   discordancy  between    the   varia- 

ple).   West  Virginia:    Greenbrier,  Nicholas,  tion  of  the  latter  character  and  shell  width 

Fayette,     Lincoln,     and     Logan     counties  is    evident.     Therefore,    these    characters 

(CM);   Logan  County   (ANSP,   1  sample;  should  not  be  used  as  the  basis  for  divid- 

JV,  1  sample).   Kentucky:    Fleming  County  ing  the  species  into  subspecies.    Unfortu- 

(ANSP).  Tennessee:  Carter  County  (ANSP,  nately,   exactly  this   was   done  by  Pilsbry 

1   sample;   JV,   1   sample).    A  total   of   13  (1940). 

samples,  1-8  specimens  each,  44  specimens  Systematics.   According  to  Pilsbry  (1940), 

altogether.  Triodopsis  r.  anteridon  (Pi.  I,  figs.  17,  18) 

Ecology.     Triodopsis    rugo.sa    occurs    in  is   larger,  more   finely  striated,   and  has   a 

oak-chestnut,  mixed  mesophytic,  and  west-  larger  umbilicus  than  T.  r.  rugo.sa.    It  may 

ern  mesophytic  forests  (Fig.  7).    Most  lo-  be  added  that  anteridon  also  has  a  weak 

calities  are  in  low  mountains,  around  1500  armature   and   a   sculpture   of  spiral   lines, 

feet    elevation.      Brooks     and     MacMillan  whereas  rugosa  has  a  strong  armature  and 

stated  (1940)  that  mgosrt  "is  found  partic-  strong    papillae.      The    distinction    breaks 

ularly  in  ravines  and  valleys  that  are  nar-  down,    however,    when    populations    other 

row  and  damp."   The  mountainous  charac-  than  the  type  population   are   considered, 

ter  of  the  range  is  reflected  in  the  variation  Thus,  populations  from  Lincoln  and  Logan 

of  the  aperture,  as  discussed  below.  counties,  West  Virginia,  have  strong  arma- 

Variation.  Aperture:  The  lip  swelling  ture  and  papillae  like  rugosa,  but  are  as 
and  the  parietal  lamella  vary  from  thin  to  large  as  anteridon:  their  umbilicus  is  inter- 
very  thick.  From  the  observation  that  sev-  mediate  between  the  two.  Conversely,  an- 
eral  species  of  Triodopsis  ( tridcntata,  other  population  from  Fayette  County, 
fraudulenta,  f.  fallax,  m.  mtdlani)  have  a  West  Virginia,  has  the  spiral  lines  of  an- 
stronger  armature  at  high  elevations  than  teridon,  the  small  size  of  rugosa,  and  an 
at  low  ones,  one  can  infer  that  this  is  the  intermediate  umbilicus  and  aperture.  The 
case  also  in  rugosa.  I  do  not,  however,  conclusion  is  that  anteridon  cannot  be  tax- 
have  information  on  the  exact  elevation  onomically  separated  from  rugosa.  It  is, 
at  which  the  samples  were  collected;  thus  rather,  a  synonym  of  the  latter. 
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Figure  8.  Geographic  variation  of  size  (shell  width)  and 
sculpture  in  Tr/odops/s  rugoso  and  lulciden.  S,  spiral  sculp- 
ture; P,  papillate  sculpture;  ?,  sculpture  not  examined;  thin, 
parallel  line  separates  the  samples  with  papillate  sculpture 
from  those  with  spiral  sculpture.  Numbers  are  mean  values 
of  samples  in  size,  expressed  in  millimeters;  samples  with 
small  size,  10.9-11.0  mm,  are  separated  from  the  inter- 
mediate ones,  12.7-13.7  mm,  and  the  large  ones,  15.3- 
15.7  mm,  by  a  single,  thin,  solid  line.  The  variation  of 
the  two  characters  is  discordant.  For  other  symbols,  see 
Figures    3    and    7. 


Summary.  Triodopsis  ruiiosa  is  a  mono- 
typic  species;  it  includes  T.  /•.  antcridon  as 
a  synonym.  It  occurs  in  a  relatively  small 
and  mountainous  area.  The  aperture  prob- 
ably varies  according  to  the  elevation  of 
the  habitat;  the  umbilicus  to  width  ratio 
varies  clinallv  from  north  to  south;  other 
characters  vary  irregularly.  The  variation 
is  thus  discordant. 

Triodopsis  fulciden  Hubricht 
Plate  I:  19-21 

'l'riodo])sis  juhidvn  {sic!)  Hiihriclit,  1952,  Nautilus 
65:  81.  Upland  oak  woods,  .3.4  miles  west  ot 
Conover,  Catawba  C^ouiity,  North  (Carolina. 
Holotype  ANSP  I8cS292,  paiat\iH-s  ANSI' 
188290. 

Definition.  The  name  fuleidcn  is  used 
here  as  proposed  by  its  author. 

Description.  Shell  width  7.7-8.6  mm; 
height  4.0-4.3  mm,  height  to  width  ratio 
0.49-0.53;  umbilicus  1.4-1.9  mm.  umbilicus 


to  width  ratio  0.18-0.23;  embryonic  whorls 
1.4-1.5,  striated  below  suture,  smooth  else- 
where; striation  becoming  more  pro- 
nounced on  subsequent  whorls;  3—4  striae 
per  millimeter  on  last  whorl;  no  fine  sculp- 
ture visible  on  the  studied  shells,  which 
were  slightly  worn;  aperture  a  trapezoid 
with  rounded  upper  arch;  upper  and  lower 
lip  swelling  thick,  forming  an  angle  in  right 
lower  corner  of  aperture;  upper  lip  tooth 
small,  having  a  slanted  buttress  below, 
lower  lip  tooth  of  normal  size;  parietal  la- 
mella large,  straight,  outstanding,  pointing 
above  upper  lip  tooth. 

Differential  dia^no.sis.  Triodop.s-is  fulci- 
den differs  from  T.  ru<io.sa  in  its  smaller 
size;  otherwise  they  are  very  similar.  The}' 
are  comparable  to  T.  hurchi  and  T.  com- 
phnata  in  this  respect;  these  are  also  ex- 
tremely similar  except  for  body  size. 


Hubricht  states  that  "T.  ru^.osa 


has 


an  aperture  very  similar  to  T.  tridentata. 
whereas  the  aperture  of  T.  fulciden  is  more 
suggestive  of  T.  fraudulenta"  (1952a:  81). 
To  me,  the  aperture  of  fulciden  is  not  at 
all  similar  to  that  of  fraudulenta. 

Distribution  and  ecology.  Triodopsis  ful- 
ciden is  confined  to  the  Catawba  River 
Valley,  in  Catawba  County,  North  Carolina 
( Fig.  7 ) .  This  area  lies  in  the  Piedmont 
region  of  the  Appalachians,  between  1000 
and  1500  feet  elevation.  It  is  co\ered  b\- 
mixed  oak-pine  forests.  Only  3  samples,  9 
specimens  altogether,  were  available  for 
studv'  from  the  ANSP  and  my  own  collect- 
ing. 

Triodop,sis  fulciden  is  a  geographical  iso- 
late of  the  related  species  T.  rugosa,  w  hich 
li\-es  west  of  the  Appalachians  (Fig.  7). 
The  horizontal  distance  is  only  about  65 
miles  bc^tween  the  two  sp(>cies,  but  this  is 
enough  to  isolate  them  w  ell,  since  the  high 
ranges  ol  the  Appalachians  stretch  across 
this  area.  11iis  distribution  shows  a  con- 
spicuous resemblance  to  that  ol  T.  compla- 
tidld  and  7'.  hurchi.  which  probabb*  results 
liom  similar  e\()luti()nar\    histor\'. 

\'(iri(ili(>ii.    'I'his  is  limited,  as  can  be  ex- 
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pected  from  the  small  population  and  the 
restricted  range  of  the  species. 

Siistematics.  Triodopsis  fulciden  is  treated 
here  as  a  taxon  specifically  separate  from 
T.  niii^osa,  on  the  assumption  that  the  two 
fonns  are  reproductively  isolated  because 
they  differ  pronouncedly  in  body  size.  It 
is  admitted,  however,  that  this  assumption 
cannot  be  tested,  since  the  two  forms  are 
allopatric  in  distribution.  Such  cases  are 
manifestations  of  what  Wilson  and  Brown 
(1953)  call  the  "uncertainty  principle"  in 
taxonomy. 

Evolutionary  relationships.  Triodopsis 
fulciden  is  a  peripheral  isolate  of  T.  rugosa, 
and  on  this  basis  it  seems  certain  that  it 
evolved  from  the  latter  in  relatively  recent 
times,  through  geographical  isolation.  The 
rugosa  complex  is  closely  related  to  the 
tridentata  complex.  It  is  not  known,  how- 
ever, when  the  two  groups  became  sep- 
arated. 

Stimmary.  Triodopsis  fulciden  is  a  geo- 
graphic isolate  of  T.  rugosa.  It  has  prob- 
ably achieved  reproductive  isolation  from 
that  form.  It  occupies  a  small  area;  its 
variation  is  limited. 

The  juxTiDENS  Complex 

Definition.  This  complex  contains  a 
single  species,  T.  juxtidens,  with  three  sub- 
species: /.  juxtidens,  /.  stenomphaJa,  and  /. 
discoidea.  There  is  some  question,  how- 
ever, as  to  whether  the  last  subspecies 
should  properly  be  included  in  T.  juxtidens, 
or  should  be  considered  a  separate  species. 

Triodopsis  juxtidens  (Pilsbry) 
Triodopsis  juxtidens  juxtidens  (Pilsbry) 
Plate  II:  1-3 

Polyfil/ni  tridentata  var.  juxtidcm  Pilsliry,  1894, 
Proc.  Acad.  Nat.  Sci.  Philadelphia  46:  20,  pi.  1, 
fig.  8.  Limestone  region.  Cave  Town,  Washing- 
ton County,  Maryland.    Type  ANSP   64720. 

Polygyra  tridentata  juxtigetis  F.  C.  Baker,  1898, 
Trans.  St.  Louis  Acad.  Sci.  8:  84.  Pinnacle  Hill, 
southeast  Rochester,  Monroe  County,  New  York. 

Definition.  Triodopsis  /'.  juxtidens  cor- 
responds to  a  portion  of  the  former  T.  tri- 
dentata juxtidens.    The  other  portion  is  T. 


/.  stcnomplmla,  described  in  the  present 
paper  as  a  new  subspecies  (p.  169).  Trio- 
dopsis j.  juxtidens  contains  those  popula- 
tions of  the  species  which  have  mean  val- 
ues of  60-90,  occasionally  55,  in  character 
index.  The  method  of  computing  character 
index  is  shown  in  Table  II. 

Description.  Shell  width  11.0-19.1  mm; 
height  5.3-9.9  mm,  height  to  width  ratio 
0.46-0.61;  umbilicus  1.7-3.5  mm,  umbilicus 
to  width  ratio  0.12-0.19;  number  of  whorls 
4.7-6.0,  whorl  to  width  ratio  0.29-0.46;  em- 
bryonic whorls  1.4-1.5,  finely  striated  be- 
low suture,  smooth  elsewhere;  subsequent 
\\'horls  with  regular  and  more  pronounced 
striation,  3.4  striae  per  millimeter  on  last 
whorl;  intervals  between  striae  with  sparse 
granulation,  except  in  umbilical  region 
where  granulation  is  dense;  aperture  square 
to  circular;  lip  swelling  and  lip  tooth  nearly 
marginal  to  slightly  receding;  when  circu- 
lar aperture  combines  with  receding  lip 
swelling  and  lip  teeth,  aperture  is  called 
dish-like;  upper  lip  tooth  is  slightly  reced- 
ing, usually  broadened,  sometimes  bifid; 
lower  lip  tooth  marginal;  upper  and  lower 
lip  teeth  in  close  proximity  (hence  the 
name  ^'ju.xtidens'^);  parietal  lamella  arcuate 
to  straight,  pointing  above  upper  lip  tooth, 
its  proximal  portion  often  low,  like  a  callus. 

Differential  diagnosis.  Triodopsis  j.  jux- 
tidens differs  from  T.  tridentata  in  that  the 
upper  and  lower  lip  teeth  are  close  to- 
gether, and  therefore  the  distance  between 
them  is  smaller  than  the  distance  between 
the  upper  lip  tooth  and  the  juncture  of 
the  upper  lip  with  the  shell  (Fig.  6);  also, 
the  upper  lip  tooth  is  usually  broadened 
and  slightly  receding,  with  the  parietal 
lamella  pointing  above  it.  In  T.  tridentata 
the  lip  teeth  are  farther  apart,  the  upper  lip 
tooth  is  very  rarely  broadened  or  receding, 
and  the  parietal  lamella  points  at  or  below 
the  upper  lip  tooth.  Triodopsis  n.  vidgata, 
another  similar  fonn,  has  a  wider  umbilicus 
and  a  more  capacious  last  whorl  than  T.  j. 
juxtidens,  and  an  upper  lip  tooth  that  is 
much  broader  and  deeply  receding. 

Di.stribution.      Triodopsis     j.     juxtidens 
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Table  II 

Chart  for  Computing  Character  Lndex  in  Triodopsis    juxtidens.     Method    of    Calculation:     a 

Specimen  Having  a  Width  of  18.0  mm,  an  Umbilicus  to  Width  Ratio  of  0.18,  a  Whorl  to  Width 

Ratio  of  0.30,  a  Parietal  Lamella  to  Width  Ratio  of  0.17,  and  an  Aperture  of  "juxtidens" 

Was  Scored  30  +  15  +  15  +  20  +  20  =  100,  the  Available  Maximum  Score. 


Width 

Umbilicus 

Whorl 

Parietal 

IN 

TO  WIDTH 

TO  WIDTH 

LAMELLA  TO 

Score 

MM 

RATIO 

ratio 

WIDTH  RATIO 

Aperture 

0 

9.8-10.9 

0.9-0.10 

0.46-0.51 

0.30-0.32 

stenomphala 

j.  .stenomphala 

5 

11.0-12.1 

0.11-0.13 

0.40-0.45 

0.26-0.29 

A^ 

10 

12.2-13.3 

0.14-0.16 

0.34-0.39 

0.22-0.25 

inttTiiiediate 

15 

13.4-14.6 

0.17-0.19 

0.29-0.33 

0.18-0.21 

20 

14.7-15.9 

0.15-0.17 

juxtidens 

25 

16.0-17.1 

V 

30 

17.2-18.3 

/'.   juxtidens 

ranges  along  the  eastern  seaboard  from 
Vermont  to  Georgia  and  westward  to  West 
Virginia  (Fig.  9).  It  slightly  overlaps  T. 
tridcntafa,  as  discussed  below. 

A  record  from  Davenport,  Scott  County, 
Iowa  (MCZ  47473,  ex  J.  D.  King)  appears 
to  be  incorrect,  since  this  locality  lies  very 
far  outside  the  nonnal  range.  I  also  regard 
the  records  from  Isle  au  Haul,  Knox 
County,  Maine  (MCZ  14685,  14686  and 
14687)  as  suspect,  because  the  record  is 
outside  the  normal  range,  and  the  habitats 
on  the  island  (coniferous  forests)  seem  un- 
suitable for  the  snail.  Three  days  were 
spent  in  an  attempt  to  verify  this  record, 
but  without  success. 

The  occurrence  of  T.  j.  juxtidens  in  West 
Virginia  was  first  reported  by  MacMillan 
( 1950).  Since  Pilsbry  in  his  comprehensive 
work  (1940:  799)  explicitly  stated  that  "It 
[/.  juxtiden.s]  is  not  known  to  occur  west 
of  the  mountains,"  verification  of  the  West 
Virginia  records  seemed  desirable.  Half 
of  MacMillan's  /.  juxtidens  material  indeed 
proved  to  be  misidentified  T.  tridentata 
or  T.  ruil,osa,  but  the  other  half  was  "good" 
/.  juxtidens.  The  occurrence  of  the  subspe- 
cies on  the  western  side  of  th(^  Appala- 
chians thus  can  no  longer  be  doubted. 

This  extension  of  the  range  of  /.  juxti- 
dens to  the  western  side  of  the  Appala- 
chians probably  took  place  in  reccnit  times. 
We  can  infer  this  from  two  facts.  First, 
only  a  single  vallev  svstem  has  been  colo- 


nized. The  MacMillan  collection  covers 
all  of  West  Virginia,  and  contains  enough 
material  to  state  this  with  confidence.  Sec- 
ondly, the  colonizing  population  as  a  whole 
has  not  yet  become  morphologicalh'  differ- 
ent (except  for  one  single  deme  that  is  in- 
termediate between  /'.  juxtidens  and  the 
western  subspecies,  /.  di.scoidea  [p.  173]). 
If  this  inference  is  true,  the  snail  must  have 
moved  at  least  90  miles  down  the  valley  in 
a  few  thousand  years,  a  relativeK'  "fast" 
dispersal  rate  for  the  slow-moving  snails. 
It  is  probable  that  this  was  accomplished, 
in  part  at  least,  by  rafting  or  being  washed 
down  the  Kanawha  River.  Similar  infer- 
ences can  be  drawn  from  the  distriliution 
of  T.  fraudulenta  and  T.  tn.  mullani. 

At  present  the  colonizing  populations 
have  approached  to  within  110  miles  of 
the  eastern  range  limits  of  /.  diseoidea,  the 
most  westerly  occurring  subspecies.  It  will 
be  interesting  to  observe  what  happens 
when  the  two  forms  establish  actual  con- 
tact. 

T.  j.  juxlidois  crossed  tlic  mountains 
through  (he  upper  \alleys  of  the  Kanawha 
and  l^oanoke  rixcr  s\stems  (Fig.  9).  The 
eflecti\eness  of  \  alleys  as  disp(>rsal  routes 
is  emphasized  1)\-  th(>  fact  that  scNcral  other 
cases  are  known  in  Triodopsis  in  \\  liieh  the 
snails  haxc  used  similar  paths  of  dispersal. 
Thus  a  stock  of  T.  c.  coniplanata  rc^ached 
the  eastern  side  of  the  Appalachian  Moun- 
tains   \ia    fh(>    llolston    and    Hoanoke    \al- 
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\.f5'^  "INSERT    1. 


J.    JUXTIDBiS 

HYBRID    J.   JUXTIDENS 

X     J,    STEfJOMPHAUV 
J,    STENCMPHALA 
J,   JUXTIDENS    AP- 
PROACHING 
CO IDEA 
J,   DISCOIDEA 

PRISON  I 

POLITA 

DISCOIDEA 


J.    DIS- 


Figure  9.  Distribution  of  Triodopsis  juxtidens.  Thick  solid  line  surrounds  the  range  of  /.  ;uxt/dens;  thick,  dashed  line, 
/'.  d/sco/deo;  dotted  line,  /'.  sfenompha/o.  D,  type  locality  of  ;'.  discoideo;  F,  frisoni;  J,  ;'.  juxtidens;  P,  polita;  S,  /.  sfenom- 
phala.  Other  symbols  refer  to  elevation,  forest  types,  and  state  boundaries,  as  explained  in  Figure  3.  The  two  inserts 
are  shown  in  Figure  10. 


leys,  and  one  of  T.  rugosa,  via  the  Holston 
and  French  Broad,  and  Yadkin  and  Ca- 
tawba valleys  (Figs.  3,  7).  Speaking  in  phy- 
togeographic  terms,  the  valleys  are  "straits" 
of  deciduous  forests  between  "islands"  of 
coniferous  forests  that  cover  the  peak  re- 
gions (Fig.  19).  The  straits  are  evidently 
favorable  for  the  passing  of  snails  adapted 
to  the  deciduous  forests. 

The  measured  material  comes  from  the 


following  localities:  Vermont:  Chittenden 
County  (MCZ).  Pennsylvania:  Pike  and 
Lancaster  counties  (MCZ);  Monroe,  North- 
ampton, Bucks,  and  Philadelphia  counties 
(ANSP).  New  Jersey:  Sussex  and  War- 
ren counties  (MCZ).  Maryland:  Washing- 
ton and  Baltimore  counties  (ANSP); 
Charles  County  (MCZ).  West  Virginia: 
Jefferson  County  (ANSP);  Nicholas  and 
Kanawha  counties  (CM).   Virginia:    Shen- 
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Figure  10.  Inserts  to  Figure  9;  detailed  distribution  of 
Tnodopsis  j.  stenomphala,  hybrid  /.  sfenompha/a  X  i-  juxti- 
dens,  and  adjacent  populatons  of  /.  /uxtidens.  Thick,  dashed 
line  surrounds  the  range  of  the  hybrids,  dotted  line,  /. 
stenomphala.  Numbers  without  a  circle  are  mean  values  of 
samples  in  character  index;  samples  of  /.  stenompho/o  range 
from  15-30;  hybrid,  35-55;  ;'.  juxtidens,  60-90  (samples  of  the 
latter  species  also  occur  in  areas  not  covered  by  the  inserts). 
Other  symbols  refer  to  elevation,  forest  types,  and  state 
boundaries,  as  explained  in  Figure  3,  except  that  the  state 
lines   are   marked   with   thick,    solid    lines. 


andoali,  Rockbridge,  Warwick,  and  Pittsyl- 
vania counties  (ANSP);  Fairfax,  North- 
umberland, Buckingham,  and  Henrico 
counties  (MC.'Z).  Wa.sliin^on,  D.C.:  Zo- 
ological Park  (MCJZ).  North  Carolina: 
Durham,  Bladen,  and  New  Hanover  coun- 
ties (ANSP):  Columbus  County  (MCZ). 
South  Carolina:  Aiken  and  Orangeburg 
counties    (ANSP).    A  total   ol   30  samples. 


1-32  specimens  each,  248  specimens  alto- 
gether. 

Ecology.  Triodopsis  j.  juxficlen.s  occurs 
in  northern  hardwoods,  mixed  mesophytic, 
oak-chestnut,  oak-pine  and  southeastern 
exergreen  forests,  between  sea  level  and 
2000  feet  (Fig.  9).  It  is  often  found  on 
riverbanks  (Hubricht,  1950b;  own  experi- 
ence ) . 

Triodopsi.s  j.  jiixtidens  slightly  overlaps 
the  related  species  T.  tridcntata.  Pilsbry 
states  (1940:  799)  that  in  the  zone  of 
overlap  "in  any  suitable  place  either  tri- 
dcntata or  juxtidens  is  to  be  found,  but 
never  the  two  together,  in  my  experience; 
however,  A.  F.  Archer  reports  finding  them 
together  at  Lambert\ille,  New  Jersey."  My 
experiences  in  New  Jersey  and  Pennsyl- 
vania seem  to  verify  Pilsbry's  observations. 
The  two  species  probably  have  very  simi- 
lar ecological  requirements;  therefore  they 
cannot  coexist  in  the  same  habitat  for  a 
long  period  of  time.  This  is  another  exam- 
ple of  ecological  exclusion. 

Triodopsis  j.  juxtidens  probabK'  shows 
habitat  exclusion  with  T.  /.  fallax  and  /. 
ohsoleto,  also.  More  collecting  should  be 
done,  however,  to  more  firmb'  establish 
this   observation. 

Variation.  The  \arious  elements  of  the 
aperture,  such  as  the  lip  swelling,  lip  teeth, 
parietal  lamella  and  outline  of  the  whole 
aperture,  vary  irregularl\-  through  the 
greater  part  of  the  range  of  the  species. 
Some  regularity  can  be  obser\ed,  howe\er. 
Thus,  at  the  southern  end  of  the  range, 
most  specimens  have  an  aperture  almost 
circular  in  outline,  eveuK'  and  deeply  re- 
ceding lip  swelling  and  lip  teeth  (dish-like 
aperture),  and  a  long  parietal  lamella.  In 
marshy  areas  most  specimens  have  a  nor- 
mal ai:)erture  \\  ith  a  nearK"  straight  pari(>tal 
lamella.  Neither  ot  thes(>  groups  (jualilies 
as  a  subspecies;  the  lirst  group  oecuis  in 
too  limited  an  area  and  is  too  weakK'  char- 
acteri/i'd.  tiie  second  group  is  primarily  an 
ecological    loiiti. 

Of    the    measured    eharaeters.    width    ol 
is    eorrehited    witli    luMLrlit.    uinbilieiis 
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and  \\'horl  number.  All  measured  charac- 
ters   show    irregular   geographic   variation. 

The  variation  of  the  character  index  is 
discussed  in  a  later  section. 

Systematics.  Triodopsis  j.  jitxtidcns  was 
formerly  considered  a  subspecies  of  T.  tri- 
dentata.  It  should  be  considered,  however, 
distinct  from  it.  It  maintains  its  identity 
even  in  areas  \\'here  it  overlaps  tiidcntata, 
demonstrating  its  reproducti\e  isolation 
from  that  form.  Previous  authors  \\'ho  com- 
bined them  in  one  species  overlooked  this. 

Triodopsis  juxtidens  stenomphala  subsp.   n. 
Plate  M:  7-9 

Ilolotypc:  MCZ  lS159a.  Acquired  from 
the  Bland  Collection,  collector  and  date  of 
collecting  not  known.  Paratijpes:  MCZ 
18159b;  other  data  as  above.  The  name 
stenomphala..  meaning  "of  narrow  uml:)ili- 
cus,"  expresses  an  outstanding  feature  of 
the  new  form. 

Type  locality.  Rahway,  Union  County, 
New  Jersey. 

Definition.  Triodop.sis  /'.  .stcnompliala 
contains  those  populations  of  the  species 
having  mean  values  of  15-30  in  character 
index.  (The  method  of  computing  charac- 
ter index  is  shown  in  Table  II.) 

Description.  Shell  width  9.8-13.5  mm; 
height  5.6-7.8  mm,  height  to  width  ratio 
0.50-0.59;  umbilicus  1.1-1.8  mm,  umbilicus 
to  width  ratio  0.39-0.49;  embryonic  whorls 
and  sculpture  as  in  /.  juxtidens,  except  for 
a  reduction  in  number  of  granules;  aper- 
ture square;  lip  swelling  well  developed 
and  nearly  marginal,  so  that  edge  of  peri- 
stome is  slightly  swollen;  lip  teeth  moder- 
ately large,  upper  lip  tooth  slightly  reced- 
ing, lower  lip  tooth  marginal;  parietal  la- 
mella large,  long,  and  nearly  straight, 
pointing  above  upper  lip  tooth. 

Differential  diagnosis.  Triodopsis  j.  ste- 
nomphaJa  differs  from  /.  juxtidens  in  hav- 
ing a  narrower  umbilicus,  a  tighter  coiling 
of  the  whorls,  and  a  larger  and  longer  pari- 
etal lamella.  Other,  less  important  diag- 
nostic features  are  the  smaller  dimensions 
of  the  shell  and  the  squarish,  swollen  aper- 


ture. The  marsh-dwelling  populations  of 
/.  juxtidens  may  be  very  hard  to  separate 
from  /'.  stenomphala,  since  they  are  also 
small  and  have  long,  straight  parietal  la- 
mellae. 

Distribution.  Triodopsis  j.  stenomphala 
has  a  disjunct  distribution.  It  occurs  in 
three  small  areas  in  New  Jersey,  Pennsyl- 
vania, and  Virginia  (Figs.  9,  10),  the  first 
two  of  these  possibly  being  connected.  In 
New  Jersey  and  probably  in  Pennsylvania 
it  is  allopatric  with  /'.  juxtidens;  in  Virginia, 
it  is  "sympatric,"  although  not  coexistent. 
According  to  Hubricht,  the  two  forms  oc- 
cupy different  habitats  in  Virginia  (see  be- 
low). 

The  Virginian  occurrence  is  possibly  of 
recent  origin.  Perhaps  lumber  tiaicks  are 
responsible,  as  suggested  by  R.  T.  Abbott 
(personal  communication,  1962).  There  is 
no  great  need,  however,  to  involve  human 
agencies.  The  snail  could  have  gotten  to 
Virginia  by  natural  means  such  as  "walk- 
ing," by  being  carried  by  rivers,  winds  or 
birds;  also,  it  could  be  a  relict  of  earlier 
times,  like  T.  penduJa.  Still  another  possi- 
bility is  to  assume  that  the  New  Jersey — 
Pennsylvania  population  evolved  indepen- 
dently of  the  Virginia  population;  in  other 
words,  to  assume  that  /.  stenomphala  is  a 
polytopic  subspecies.  This  seems  to  me  un- 
likely, however,  since  the  two  populations 
live  in  different  habitats,  whereas  the  pop- 
ulations of  a  polytopic  subspecies  are  sup- 
posed to  occur  in  "identical"  habitats.  The 
best  explanation  would  appear  to  involve 
natural  dispersal  and  recent  origin.  At  any 
rate,  the  Virginia  population  presently 
forms  a  geographic  isolate  of  the  New  Jer- 
sey-Pennsylvania population. 

The  measured  material  comes  from  the 
following  localities:  Netf  Jersey:  Morris 
County  (ANSP);  Essex,  Union,  and  Som- 
erset counties  (MCZ).  New  York:  Rich- 
mond County  (MCZ).  Virginia:  Amherst 
and  Pittsylvania  counties  (ANSP).  A  total 
of  8  samples,  2-S  specimens  each,  34  speci- 
mens altogether. 
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Figure  11.  Character  index  histograms  of  samples  of 
Triodopsis  j.  juxtidens,  j.  stenomphala,  and  hybrids  between 
the  two  subspecies.  Short  line  on  top  of  column  indicates 
mean  value  of  sample.  The  histograms  of  most  hybrid 
samples  are  strongly  skewed,  those  of  the  parental  forms 
slightly  skewed  or  normal.  The  abbreviations  stand  for  the 
states  where  the  samples  have  been  collected.  Scale  in 
character  index  units. 


Ecologij.  Ill  the  New  Jersey-Pennsyl- 
vania area,  T.  /.  stenomphala  is  found  on 
both  low  and  high  ground.  In  Virginia, 
however,  it  ".  .  .  is  common  in  upland  oak 
woods  in  the  Outer  Piedmont,"  whereas 
on  the  river  bluffs  another  form,  /.  juxti- 
dens, is  abundant  (Hubricht,  1950b).  Thus 
it  seems  that  in  the  New  Jersey-Pennsylva- 
nia area  the  subspecies  occupies  a  wider 
range  of  habitats  than  in  Virginia.  In  view 
of  the  fact  that  in  the  former  area  no  re- 
lated form  occurs,  whereas  in  the  latter  area 
/'.  juxtidens  is  present,  we  may  assume  that 
the  restriction  to  tlu>  uplands  is  caused  b)' 
the  presence  of,  or  more  specifically,  the 
competition  provided  by,  the  related  form, 
which  is  superior  on  the  ri\cr  bluffs.  The 
situation  is  xcxy  com]-)le.\,  however.  Trio- 
dopsis  j.  stenompjiala  and  /.  juxtidens  not 
only  seem  to  compete  but  also  to  hybridi/e 
with  each  other.  This,  of  course,  cannot 
go  on  indefinitely.  If  hybridi/.ation  con- 
tinues, the  two  forms  will  merge.  IF  (he 
hvbrids  arc-  of  reduced  \iabilit\'.  In  bridi/a- 


tion  will  cease,  and  each  group  will  be 
restricted  to  a  single  kind  of  habitat,  either 
upland  or  lowland. 

A  similar  situation  can  be  observed  in 
T.  complanato.  There,  too,  one  subspecies 
has  a  broader  and  the  other  a  narrower  ec- 
ological range,  and  the  latter  is  "sympatric" 
with  the  related  form,  T.  tridentata.  Inter- 
estingly, in  both  cases,  the  subspecies  with 
the  smaller  population  size  has  the  evolu- 
tionarily  more  advanced,  narrower  (more 
specialized)  range.  This  may  be  because 
a  population  of  small  size  may  reorganize 
its  genetic  constitution  more  rapidly  than 
a  population  of  large  size  (Mayr,  1954; 
1963:  527);  such  reorganization  is  prob- 
ably necessary  for  changing  the  ecological 
range. 

Systcmaties.  Tiiodopsis  j.  stenomphala 
is  sufficiently  distinct  to  be  recognized  as 
a  ta.xonomic  unit.  This  was  shown  in  the 
description  and  differential  diagnosis.  It 
cannot  be  considered  a  full  species,  how- 
ever, because  it  freeh'  interbreeds  with  /. 
juxtidens.  The  evidence  for  this  is  dis- 
cussed below. 

Hybrid    populations    between    Triodopsis   j. 
juxtidens  and   /.   stenomphala 
Plate  II:  4-6 

Some  populations  of  Triodopsis  juxtidens 
are  intermediate  between  the  two  subspe- 
cies according  to  their  character  index; 
they  have  mean  values  of  3.5-55,  as  com- 
pared to  15-.30  for  /.  stenomphala  and  60- 
90  for  /.  juxtidens.  These  populations  are 
considered  to  be  of  hybrid  origin  for  the 
following  reasons.  First,  they  show  a 
greater  variation  than  the  "pure"  popula- 
tions of  either  /.  juxtidens  or  /.  stenomphala, 
as  demonstrated  b\  comparison  of  their 
charact(>r  index  histograms  (Fig.  11),  or  of 
the  range  of  variation  (Fig.  4).  Second, 
these  ]:)()pulations  are  found  in  the  zone  of 
contact  between  the  two  subspecies  (Figs. 
9   10). 

Attention  should  be  called  to  the  fact 
that  the  character  index  histograms  of  most 
Inbrid   populations   are  skewcnl    (Fig.   11). 
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The  same  phenomenon,  though  even  more 
pronounced,  can  be  observed  in  the  hy- 
brids of  T.  f.  alahamensis  with  /.  fallax  and 
/.  ohsolcta  (Fig.  18).  A  skewed  distribu- 
tion curve  is  not  a  necessary  criterion  of 
hybrid  origin,  and  it  may  only  be  acciden- 
tal that  in  Triodopsis  so  many  hybrid  popu- 
lations have  this  attribute.  The  phenome- 
non is  best  explained  by  the  introduction 
of  one  or  a  few  specimens  of  parent  A 
into  a  population  of  parent  B  with  subse- 
quent maintenance  of  the  resulting  imbal- 
ance. 

Hybrid  samples  have  been  measured 
from  the  following  localities:  New  Jersey. 
Burlington,  Hudson,  and  Essex  counties 
( MCZ ) ;  Morris  County  ( ANSP ) .  Virginia : 
Bedford  County  (MCZ).  North  Carolina: 
Warren  County  (ANSP).  A  total  of  6  sam- 
ples, 1-12  specimens  each,  35  specimens  al- 
together. 

In  New  Jersey,  the  hybrid  populations 
live  both  in  the  hills  and  on  the  riverbanks, 
just  as  the  parent  populations  do.  I  do  not 
have  enough  information  on  the  habitat 
of  the  hybrids  living  in  the  Virginia  area. 

The  occurrence  of  hybrid  populations  is 
important  taxonomically,  because  it  proves 
the  conspecificity  of  what  are  called  here 
/.  juxtidens  and  /.  stenomphala. 

Triodopsis   juxtidens   discoidea    (Pilsbry) 
Plate  M:  10-11 

Polygyra  tridentata  subsp.  discoidea  Pilsbry,  1904, 
Nautilus  17:  142.  Charlestown  Landing,  Clark 
County,  Indiana.    Type  ANSP  11076. 

H{elix)  tridentata  subsp.  polita  Wetherby,  1894, 
Nautilus  8:  44.  Limestone  cliffs  above  Cin- 
cinnati, Hamilton  County,  Ohio.  Not  Helix 
polita  Pulteney,  1797,  or  Mueller,  1774.  Type 
ANSP  98940. 

Polygyra  tridentata  var.  frisoni  F.  C.  Baker,  1933, 
Nautilus  47:  58.  South  end  of  Fountain  Bluff, 
Jackson  County,  Illinois.  Paratypes  ANSP 
161146. 

Definition.  Triodopsis  j.  diseoidea  cor- 
responds to  T.  tridentata  diseoidea  of  Pils- 
bry ( 1940 ) .  A  character  index  was  not  pre- 
pared for  this  taxon. 


Deseription.  Shell  width  12.9-20.9  mm; 
height  5.S-10.0  mm,  height  to  width  ratio 
0.40-0.54;  umbilicus  2.2-4.6  mm,  umbilicus 
to  width  ratio  0.14-0.23;  embryonic  whorls 
1.4-1.5,  faintly  or  definitely  striated  below 
suture,  smooth  otherwise;  striation  becom- 
ing more  pronounced  on  subsequent  whorls, 
3-5  striae  per  millimeter  on  last  whorl; 
striae  from  very  low  to  moderately  high, 
their  intervals  almost  smooth,  or  with  fine 
or  pronounced  granules;  aperture  trapezoid 
to  oval-triangular;  lip  swelling  and  lip  teeth 
well  developed,  somewhat  receding;  upper 
lip  tooth  usually  broad  and  flat;  upper  and 
lower  teeth  close  to  each  other;  parietal 
lamella  moderately  developed,  arcuate, 
pointing  slightly  above  upper  lip  tooth. 

Differential  diagnosis.  Triodopsis  j.  dis- 
eoidea differs  from  /.  juxtidens  by  its  larger 
and  flatter  shell,  which  is  often  smooth 
and  shiny,  flatter  aperture,  and  wider  um- 
bilicus. From  T.  tridentata  it  differs  in 
various  apertural  features;  the  lip  teeth  are 
in  close  proximity,  the  distance  between 
them  being  much  less  than  the  distance 
that  separates  the  upper  lip  tooth  from  the 
junction  of  the  upper  lip  with  the  shell; 
the  upper  lip  tooth  is  broad  and  slightly 
receding,  with  the  parietal  lamella  point- 
ing above  it;  the  shell  is  flat  and  the  um- 
bilicus is  wide.  In  contrast,  the  lip  teeth 
of  tridentata  are  farther  from  each  other, 
the  upper  lip  tooth  is  not  broad  or  reced- 
ing, the  parietal  lamella  points  at  or  below 
it,  the  shell  is  higher  and  the  umbilicus 
narrower. 

Distribution.  Triodopsis  j.  discoidea  oc- 
curs in  the  Ohio  and  the  Mississippi  valleys 
(Fig.  9).  Its  range  is  partially  .separated 
from  that  of  its  closest  ally,  /.  juxtidens,  by 
the  Appalachian  Mountains.  The  separa- 
tion was  once  more  complete,  but  has  bro- 
ken down  in  the  Kanawha  River  valley  in 
recent  times  (p.  166). 

The  measured  material  comes  from  the 
following  localities:  Oliio:  Franklin,  Brown, 
and   Hamilton   counties    (2   samples,   both 
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Figure  12.  Geographic  variation  of  size  (shell  width)  and  sculpture  m  Tnodopsis  j.  discoidea.  Thick,  solid  line  sur- 
rounds the  range  of  the  subspecies;  thick,  dashed  line  separates  poltta,  discoidea,  and  Irisoni,  all  included  in  /.  dis- 
coidea;  dotted  line  separates  the  samples  with  small  size,  13.5-15.1  mm,  from  intermediate,  15.9-16.8,  and  large,  17.9- 
19.4.  The  size  shows  a  gradual  increase  from  the  west  to  the  east;  the  sculpture  does  not.  Thus,  the  two  characters 
vary    discordantly.      SM,    smooth    sculpture;    ST,    striated    sculpture.     Other    symbols    as    in    Figure   9. 


ANSP).  Indiana:  Perry,  Posey,  and  Clark 
eouiities  (ANSP).  Illinois:  Handolph. 
Jack.son,  Pope,  and  Hardin  eonntie.s  (ANSP). 
Kcnlticky:  Davies  County  (MCZ).  Mis- 
■souri:  St.  Loui.s  County  (ANSP).  A  total 
of  13  .samples,  .'3-15  speeimens  each,  94 
specimens  altoi^ether. 

Ecolo<i.\l.  Tiiodop.sis  j.  discoidva  is  largeK 
confined  to  the  valleys  ol  two  major  rivers, 
the  Mississip[)i  and  the  Ohio.  It  seems  to 
prefer  the  immediate  vie  init\  ol  llie  rivers, 
according  to  various  collectors  who  have 
foimd   it   on    river   hanks    or   on    clills    near 


the  rivers.  The  ar(\i  is  covered  In-  heech- 
niaple,  oak-hickorv'  and  vvt>st(M-n  niesophy- 
tic  forests.  It  lies  hetvveen  300  and  500 
feet  (Fig.  9). 

I^ilshry  (1940:  SOO )  (piotes  Daniels  as 
saying  that  in  Indiana  7'.  /'.  discoidea  "oc- 
curs on  the  immediate  hanks  of  the  Ohio 
River,  hut  w  lien  von  go  hack  into  the  coun- 
trv'  you  get  the  typic-al  tridcniata.'  If  so, 
this  is  another  example  ol  liahital  exclu- 
sion, we  can  assume  that  /'.  discoidea  and 
tridcniata  o\^ov  had  hroadci-  and  ovcrlap- 
jMiig  (H'ological  speetia,  and  iherclorc  were 
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competing  with  each  other.    In  time,  liow-  Reproductive    isolation    ma)'    be    inferred 

ever,   /'.   discoidca  became   adapted  to  the  from    the    discontinuity    between    the    two 

more  humid  habitats,  while  the  tridentata  forms    in    certain    morphological    features, 

populations  of  the  area  became  adapted  to  which   exists   in  spite  of  their  "sympatric" 

the    drier    habitats.     This    resulted    in    the  distribution.     These    features    were    listed 

habitat  exclusion  that  can  be  observed  at  previously.   It  is  clear  that  were  /.  discoidea 

present.     The    advantage   of   this    arrange-  and  tridentata  conspecific,  such  discontinu- 

ment  is  that  it  reduces  direct  competition  ities  would   not   exist.    The   occurrence   of 

between  the  two  forms.    A  similar  arrange-  ecological    isolation    was    discussed    in    the 

ment  exists  between  T.  c.  ))Jatysayoidcs  and  section  above. 

T.  tridentata,  and  between  /.  juxtidens-  and  The  very  same  characters  that  separate 

/.  stenompluda.  diseoidea  from  tridentata  connect  diseoidea 

Plant  associations  apparently  play  no  di-  with   juxtidens    (see  Plates   I   and   II,   and 

rect  role  in  determining  the  distribution  of  the   descriptions  of  the   two  forms).    The 

the  subspecies.    This  is  evidenced  by  the  only  question  is  whether  discoidea  should 

lack  of  correlation  between  the  subspecies  be  ranked  as  a  subspecies  of  juxtidens  or 

border  and  the  boundaries  of  the  plant  as-  whether  it  should  be  treated  as  a  separate 

sociations  in  the  area   (Fig.  9).  species.  On  the  assumption  that  they  would 

Variation.     The    sculpture    varies    from  interbreed  should  they  come  in  contact,  we 

smooth   to  striated.    The  former  condition  will    consider   them    conspecific.     This    as- 

is   usually   associated   with   moist   habitats,  sumption    is    justified,    since    intergrading 

as  in  the  case  of  c.  compJanata.    It  is  not  populations  between  the  two  forms  occur, 

definitely    known    whether    this    character  On  the  above  basis,  the  name  T.  tridentata 

has  a  genetic  basis  or  is  a  purely  environ-  discoidea   should  be  changed  to  T.  juxti- 

mental  modification,  but  as  not  all  shells  dens  discoidea. 

from  moist  habitats  are  smooth,  the  former  Under  the  name  discoidea,  Pilsbry  com- 

assumption  is  apparently  correct.  bined   three    taxa:     discoidca,    polita,    and 

Measured  characters:    Shell  width  is  cor-  frisoni  (1940:    800).    I  agree  with  this  ac- 

related    with    height    and    umbilicus.     The  tion.    It  is  true  that  the  three  forms  differ 

shell  width  increases  clinally  from  west  to  slightly  in  sculpture  and  size,  polita  being 

east  (Fig.  12),  one  of  the  few  instances  of  large    and    smooth,    discoidea    medium    to 

this  phenomenon  in  Triodopsis.   The  height  large  and  striated,  and  frisoni  medium  to 

to   width,    and    umbilicus    to   \\'idth    ratios  small  and  smooth  or  striated.    But  the  vari- 

show  irregular  geographic  variation.  ation  in  size  and  sculpture  is  gradual  and 

It  should  be  pointed  out  that  sculpture  discordant,    so   that    a   classification    based 

and    shell    width    vary    discordantly.     The  upon   size  and  sculpture  variations  would 

sculpture  changes  from  smooth  to  striated  "ot  be  valid, 
and   back    to    smooth    from    east    to   west, 

whereas   the  width   grades   from   small   to  Triodopsis  j.  juxtidens  population  approach- 
large  in  the  same  geographic  sequence.    It  '"9  '•  discoidea 

follows    that   neither   these   characters   nor  A  population  of  /.  juxtidens,  collected  in 

their  combinations  can  serve  as  key  taxo-  the    valley    of    the    Kanawha    River,    Clay 

nomic  characters,  although  they  have  been  County,  West  Virginia  (CM:  5  specimens), 

used  as  such  in  the  past.  consists  of  shells  which  are  larger  and  flat- 

Systematics.  Triodopsis  j.  discoidea  was  ter,  and  which  have  a  flatter  aperture  than 
formerly  considered  a  subspecies  of  T.  tri-  do  those  of  normal  /.  juxtidens.  They 
dentata.  In  fact,  however,  it  is  specifically  clearly  approach  /.  discoidea  in  these  char- 
separate  from  that  form,  since  it  is  repro-  acters.  They  are  not  smooth,  however,  as 
ductively  and  ecologically  isolated  from  it.  /'.   discoidea  usually   are,   but   striated   and 
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Table  III 

Measurements  of  the  Clay  County  j.  juxtidens  Population.     For   Comparison,   the  Measure- 
ments OF  Representative  j.  juxtidens  and  j.  discoidea  Populations  are  Also  Shown.    The  Clay 
County  Population  Apparently  Occupies  an  Intermediate  Position  Between  j.  juxtidens  and 

j.  discoidea. 


Name 


Remark 


Locality 


Num- 
ber   

OF  WIDTH 

Speci-  in 

MENS  MM 


Mean  of 


HEIGHT  UMBILICUS 

TO  WIDTH        TO  WIDTH 

RATIO  RATIO  SCULPTURE 


/.  juxtidens 


j.  juxtidens 

j.  juxtidens 

j.  juxtidens 
approaching 

/.  discoidea 

j.  discoidea 

j.  discoidea 

j.  discoidea 


West  Virginia, 
near  the  Clay 
County  population 

second  largest        Virginia 

in  subspecies 

widest  umbilicus  West  Virginia 

in  subspecies 

Clay  County, 
West  Virginia 


easternmost 
/.  discoidea 

largest  with 
widest  umbilicus 
in  subspecies 


Ohi 


lO 


Ohio 
Indiana 


3 
6 


15.5 


19.1 

18.3 
19.4 


0.52 


0.47 

0.49 
0.43 


0.16 


0.18 

0.19 
0.21 


striated 


9 

17.1 

0.51 

0.16 

striated 

2 

14.8 

0.52 

0.18 

striated 

5 

18.5 

0.49 

0.17 

striated 

striated 

smooth 
striated 


have  a  narrow  umloilicus,  as  in  /.  jiixtidcu.'i 
(Table  III).  These  specimens  are  appar- 
ently intergrading  between  /.  juxtidens  and 
/.  discoidea;  I  call  them  /.  juxtidens  only 
because  they  are  found  within  the  range  of 
this  subspecies,  and  the  range  of  /.  discoi- 
dea starts  110  miles  farther  west  (Fig.  9).^ 
As  far  as  the  origin  of  this  population  is 
concerned,  there  are  two  possibilities.  It 
might  have  arisen  through  interbreeding 
of  the  two  subspecies,  or  it  might  have  de- 
veloped from  the  local  /.  juxtidens  popula- 
tion, under  local  selection  pressure.  Since 
onl\'  one  small  population  is  involved,  sta- 
tistical methods  were  not  employed  to  sc- 

^In  the  spring  of  1967  tlic  author  and  Mr.  Paul 
Blachman  collected  populations  apparently  inter- 
mediate between  Triodopsis  /'.  juxtidens  and  /. 
discoidea  at  several  otlier  localities  as  well  (Bladen, 
Gallia  Co.,  Athalia  and  Coal  Grove,  Lawrence  Co., 
Ohio;  Ghent,  Carroll  Co.,  Ky.;  on  the  banks  of  the 
Ohio  River),  l-'urthermore,  they  found  that  these 
populations  do  not  interbreed  with  7'.  /.  juxtidens 
at  all,  whereas  they  interbreed  freely  with  7'. 
tridentata.  Thus  the  morphological  resemblance 
of  the.se  populations  to  T.  j.  ju.xtidcns  and  7'.  /. 
discoidea  has  proved  to  be  deceptive. 


lect  the  right  answer.  Judging  from  simple 
inspection  of  the  material,  though,  the 
range  of  variation  seems  normal,  which 
supports  the  second  interpretation. 

Whichever  interpretation  is  true,  the  oc- 
currence of  an  intergrading  population  in- 
dicates the  conspecificity  of  /.  juxtidens  and 
/.  discoidea.  The  first  interpretation  would 
indicate  that  interbreeding  actually  took 
place.  The  second  would  indicate  a  great 
similarity  between  the  two  gene  pools,  and 
thus  the  possibility  of  interbreeding  should 
the  two  forms  come  in  contact. 

Evoltitionary  reJotionships.  Among  the 
three  members  of  the  juxtidens  complex. 
/.  juxtidens  approaches  the  hypothetical 
ancestor  of  Tiiodopsis  most  closel\\  inas- 
much as  it  has  a  .striated  shell  and  an  un- 
specializcd,  broad  ecological  spectrum. 
That  /.  discoidea  is  exolutionarily  more  ad- 
\anced  than  /.  jtLxtidens  is  indicated  bv  its 
smooth  shell  and  specialization  for  a  par- 
ticular habitat  (p.  172).  Tiiodopsis  j.  ste- 
nompluda  does  not  have  these  traits.  It  is 
considered  a  descendant  of  /.  juxtidens  be- 
cause it  appears  to  be  a  geographical  isolate 
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of  that  form.  It  probably  developed  from  a 
New  Jersey  juxfidens  population  which 
was  separated  from  the  main  population 
by  the  Delaware  River  valley. 

The  juxfidens  complex  occupies  a  mor- 
phologically intermediate  position  between 
the  tridcntata  and  fraiidulcnta  complexes. 
But  nothing  is  known  as  to  when  and  under 
what  circumstances  the  three  taxa  sep- 
arated. 

Summary.  (1)  Triodopsis  jiixtidens  con- 
sists of  three  subspecies,  /.  juxtidens,  j.  ste- 
nompJuila,  and  /.  discoidea,  and  of  hybrids 
and  intermediates  connecting  them.  The 
typical  subspecies  was  formerly  considered 
a  subspecies  of  T.  tridentato;  j.  stenom- 
phcda  is  a  new  form,  formerly  included  in 
/.  juxtidcns;  j.  discoidea  is  the  former  T. 
tridentata  discoidea,  including  the  former  t. 
polita  and  t.  frisoni  as  synonyms. 

(2)  The  range  of  /.  stenomphala  is  sep- 
arated from  that  of  /.  juxtidens  by  a  hybrid 
belt.  A  few  populations  of  /.  stenomphala 
"overlap"  /.  juxtidens,  also  with  hybridiza- 
tion. Triodopsis  j.  discoidea  is  entirely  allo- 
patric  with  /'.  jtixtidens.  One  of  the  west- 
ernmost populations  of  /.  juxtidens  morpho- 
logically approaches  /'.  discoidea. 

(3)  Triodopsis  j.  juxtidens  and  /.  stenom- 
phala occupy  all  available  habitats  when 
they  are  allopatric,  but  in  areas  of  "sym- 
patric"  occurrence,  /.  juxtidens  is  confined 
to  river  banks  and  /'.  stenomphala  to  the 
uplands.  Thus  the  two  forms  do  not  co- 
exist, and  thereby  demonstrate  the  exclu- 
sion principle.  Triodopsis  j.  discoidea  oc- 
curs only  in  large  river  valleys,  mainly  on 
the  river  banks.  Both  /.  juxtidens  and  /. 
discoidea  show  exclusion  with  T.  triden- 
tata, and  the  former  also  with  T.  f.  fallax 
and  /.  obsoleta. 

(4)  The  geographic  variation  is  gener- 
ally irregular  in  all  three  subspecies.  Excep- 
tions are  the  clinal  variation  of  the  shell 
width  (size)  in  /.  discoidea  and  possibly 
that  of  the  parietal  lamella  in  /.  juxtidens 
and  the  sculpture  in  /.  discoidea,  which 
may  be  correlated  with  wetness  of  the 
habitat. 


(5)  The  combination  of  ju.xtidens,  ste- 
nomphala and  discoidea  in  one  species  is 
justified  by  the  fact  that  hybrids  or  inter- 
grades  occur  between  them.  The  taxon 
thus  formed  is  specifically  distinct  from 
tridentata,  as  the  two  appear  to  be  repro- 
ductively  isolated. 

The  fraudulent  a  Complex 

Definition.  This  complex  contains  four 
taxa:  Triodopsis  fraudulenta,  T.  pendula, 
and  t\\'o  subspecies  of  T.  neglecta — n.  vul- 
gata  and  n.  neglecta.  Triodopsis  fraudu- 
lenta is  definitely  a  distinct  species,  T.  pen- 
dula is  probably  so;  T.  n.  vulgata  and  n. 
neglecta  are  probably  conspecific.  The 
central  stock  from  which  the  other  three 
taxa  are  derived  is  n.  vulgata;  therefore 
the  discussion  will  begin  with  this  taxon. 

Triodopsis  neglecta   (Pilsbry) 
Triodopsis  neglecta  vulgata   (Pilsbry) 
Plate  II:  12-14 

Triodopsis-  fraudulenta  subsp.  vulgata  Pilsbry, 
1940,  Monogr.  Acad.  Nat.  Sci.  Philadelphia  No. 
3:  Land  Mollusca  of  North  America,  1  (2):  805, 
fig.  478b, c.  Columbus,  Franklin  County,  Ohio. 
Type  ANSP  57148. 

Triodopsis  hopetonensis  subsp.  claibornensis  Lutz, 
1950,  Nautilus  63:  121,  fig.  1.  Foothills  of  the 
Cumberland  Mountains  near  the  Grace  Nettle- 
ton  Home  for  Girls,  Harrogate,  Claiborne 
County,  Tennessee.    Paratype  ANSP  215860. 

Definition.  Triodopsis  n.  vulgata  com- 
bines the  former  T.  fraudulenta  vulgata 
and  T.  hopetonensis  claibornensis.  It  con- 
tains those  populations  of  the  fraudulenta 
complex  which  have  mean  values  of  50- 
75  in  character  index  (Table  IV). 

Description.  Shell  width  12.2-19.8  mm, 
height  5.8-10.6  mm,  height  to  width  ratio 
0.41-0.63;  umbilicus  2.4-5.1  mm,  umbilicus 
to  width  ratio  0.16-0.30;  number  of  whorls 
5.0-6.4,  whorl  to  width  ratio  0.30-0.45;  up- 
per tooth  to  lower  tooth  ratio  1.00-1.29; 
embryonic  whorls  1.3-1.4,  finely  striated 
below  suture;  striation  on  later  whorls  be- 
coming more  pronounced,  3-4  striae  per 
millimeter  on  last  whorl;  space  between 
striae    with    papillae    or    fine    spiral    lines, 
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Table  IV 
CuAin  i-OH  CoMPUTixc;  Character  Index  of  Triodopsis  n.  vvl(;ata,  n.  neglect.a,  and  T.  penuula. 
Method  of  CalculatiOxN:    a  Shell  with  a  Width  of  19.3  mm,  a  Height  of  10.5  mm,  ax  Upper 
Tooth  to  Lower  Tooth  Ratio  of  0.99,  a  Whorl  ro  Width  Ratio  of  0.30,  and  an  Umbilicus  to 
Width  Ratio  of  0.15  was  Scored  (70  -|-  65  +  65  +  50  +  50)/3  =  100,    Maximum    Available   Score. 


Upper  to 

Whorl  to 

Umbilicus 

LOWER  TOOTH 

WIDTH 

TO  WIDTH 

Score 

Width 

Height 

RATIO 

H..VTIO 

RATIO 

0 

9.9-10.5 

3.5-4.0 

1.39-1.42 

0.50-0.51 

0.29-0.30 

n.   uc<i,lcctci 

5 

10.6-11.2 

4.1-4.5 

1.35-1.38 

0.48-0.49 

0.27-0.28 

A, 

10 

11.3-11.9 

4.6-5.0 

1.32-1.34 

0.46-0.47 

0.26 

15 

12.0-12.6 

5.1-5.5 

1.29-1.31 

0.44-0.45 

0.25 

20 

12.7-13.3 

5.6-6.0 

1.26-1.2S 

0.42-0.43 

0.24 

25 

13.4-13.9 

6.1-6.5 

1.23-1.25 

0.40-0.41 

0.23 

30 

14.0-14.5 

6.6-7.0 

1.20-1.22 

0.38-0.39 

0.22 

35 

14.6-15.1 

7.1-7.5 

1.17-1.19 

0.36-0.37 

0.21 

pcnchila 

40 

15.2-15.7 

7.6-8.0 

1.14-1.16 

0.34-0.35 

0.19-0.20 

45 

15.8-16.3 

8.1-8.5 

1.11-1.13 

0.32-0.33 

0.17-0.18 

50 

16.4-17.0 

8.6-9.0 

1.08-1.10 

0.30-0.31 

0.15-0.16 

55 

17.1-17.7 

9.1-9.5 

1.04-1.07 

60 

17.8-18.4 

9.6-10.0 

1.00-1.03 

65 

18.5-19.1 

10.1-10.6 

0.96-0.99 

v 

70 

19.2-19.8 

n.  vu 

'gata 

umbilical  region  and  .shoulder  of  last  whorl 
always  with  papillae;  aperture  square, 
dished;  lip  swelling  thick;  upper  lip  tooth 
broad  and  receding,  located  on  right  side 
of  aperture;  lower  lip  tooth  medium  large 
and  marginal,  located  at  or  near  middle  of 
lower  lip;  parietal  lamella  of  normal  size, 
nearly  straight. 

Differential  diaiino.si.s-.  Triodops^is  n.  vid- 
'^ata  differs  from  T.  j.  juxtiden.s  in  that  the 
upper  lip  tooth  is  broader  and  more  reced- 
ing, the  whorls  are  more  capacious,  and 
the  umbilicus  is  wider  and  more  cylindri- 
cal. It  is  distinguished  from  T.  f.  faJla.x  by 
its  wide  and  cylindrical  umbilicus,  capa- 
cious whorls,  and  straight  parietal  lamella. 

Di.strihiition.  Triodop.sis  n.  vidiiata  oc- 
cuis  in  a  vast  area  from  Ontario  south  to 
Alabama,  and  from  the  Mississippi  River 
east  lo  the  Appalachian  Mountains  ( I^^ig. 
13).  Isolated  outposts  occur  in  eastern 
Wisconsin,  New  York,  Mar\land,  and 
Nortli  (Carolina. 

The  measured  material  comes  from  the 
following  localities:  Ontario:  Elgin  (;oun(\ 
(ANSP);  Essex  County  (MCZ)^ Michiiiatr. 
Oakland,  Wavne,  and  Washtenaw   counties 


(ANSP);  Ionia  County  (MCZ).  Wash- 
in0on,  D.  C.  Virginia:  Lee  County 
(ANSP).  We.st  Virginia:  Ohio  County 
(ANSP);  Hampshire  County  (MCZ).  Ohio: 
Guernsey,  Erie,  Franklin,  Cuyahoga,  War- 
ren, and  Adams  counties  (ANSP);  Hamil- 
ton County  (MCZ).  Indiana:  Dearborn 
and  Crawford  counties  (ANSP);  Kosciusko, 
Tippecanoe,  and  Marion  counties  (MCZ). 
Illinois:  Gallatin  County  (MCZ).  Ken- 
tiieky:  Trimble  and  Casey  counties  (MCZ). 
Noiih  Carolina:  Cabarrus  and  C.\\.\\  coun- 
ties (ANSP);  Knox,  Monroe,  and  Jackson 
counties  (MCZ).  Alabama:  Madison  (2 
samples)  and  Jackson  counties  (ANSP). 
A  total  of  37  samples,  1-25  specimens  (\U'h. 
231   specimens  altogethcM-. 

Eeology.  Triodopsis  n.  nil  gat  a  is  widely 
distributed  in  the  beech-maple  and  western 
mesoplntic  forests.  It  also  piMietrates  the 
pcMiphery  of  the  oak-chestnut,  mixed  meso- 
pln  tic  and  oak-]-)ine  forest  regions  ( Fig. 
13).  Vhv  northern  limits  of  its  range  more 
or  less  coincide  with  those  of  the  bc>ech- 
maple  forests.  The  jilaiit  association  may 
be  the  laetor  that  determines  the  subspe- 
cies  border. 
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::<.  O  N.  NEGLECTA 
N.C.  ^°*/ 3  f^'  VULGATA  APPROACH- 
fx7--'^\^  ING   N.  NEGLECTA 

"•  N.  VULGATA 

(^  FRAUDULENTA 
PENDULA 


50   100 
MILES 

Figure  13.  Distribution  of  Triodopsis  fraudulenta,  neglecia,  and  pendula,  and  the  geographic  variation  of  the  character 
index  in  neglecia  and  pendula.  Thick,  solid  line  surrounds  the  range  of  n.  vulgata;  double,  thick,  solid  line,  n.  vulgata 
approaching  n.  neglecia;  thick,  dashed  line,  n.  neglecia;  dotted  line,  pendula;  dash-dot,  fraudulenta.  C,  type  locality 
of  claibornensis,  considered  synonymous  with  n.  vulgata;  F,  fraudulenta;  N,  n.  neglecia;  PE,  pendula;  PI,  p/ceo,  consid- 
ered synonymous  with  fraudulenta;  V,  n.  vulgata.  Numbers  without  a  circle  are  mean  values  of  samples  in  character 
index;  samples  of  n.  neglecia  range  from  20-30;  n.  vulgata  approaching  n.  neglecia,  50-55;  n.  vulgala,  50-75;  pendula, 
30-40.     Other   symbols    refer   to   elevation,    forest   types,    and    state    boundaries,    as    explained    in    Figure    3. 


Most  localities  occur  between  500  and 
1500  feet  (Fig.  13),  but  some  lie  at  much 
lower  or  much  higher  elevations.  Thus, 
one  sample  from  Washington,  D.  C,  comes 
from  near  sea  level,  another,  from  the  Roan 
Mountains,  Carter  Countv,  Tennessee, 
from  4000-5000  feet.  Such  high  records 
are  rare,  however;  on  the  whole,  the  sub- 
species does  not  seem  to  ascend  as  high  as 
T.  fraudulenta  or  T.  tridentata. 

Variation.  The  aperture  varies  only 
moderately.  The  separation  of  aperture 
grades,  therefore,  was  not  necessary. 


Seulpture:  The  surface  of  the  shell  be- 
tween the  striae  is  covered  with  papillae. 
Fine  spiral  lines  may  replace  the  papillae 
on  portions  of  the  last  whorl,  but  the  um- 
bilical and  shoulder  regions  are  always 
papillate.  The  papillae  and  the  spiral  lines 
intergrade;  therefore,  they  can  be  consid- 
ered homologous  structures.  The  sculpture 
of  T.  rugosa  shows  similar  intergradation. 

Among  the  measured  eharacters,  shell 
width  is  correlated  with  height,  umbilicus, 
and  whorl  number,  not  with  the  upper 
tooth  to  lower  tooth  ratio.    All  characters 
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Table  V 
Measurements  of  Triodopsis  h.  claibornensis,  and  of  Representative  Populations  of  T.  n.  vul- 

G.4TA    AND    T.   F.    OBSOLETA.     ThE   ARROWS   PoiNT   ToWARD  THE   TaXON   TO   WhICH   CLAIBORNENSIS   ShOWS 

THE  Greater  Similarity  in  the  Character  in  Question.    Because  of  These  Similarities,  and  Also 
Because  of  its  Distribution,  claibornensis  is  Considered  Synonymous  with  n.  vulgata. 


Number 

Mean  of 

Width 

Height  to 

Umbilicus     Whorl  to 

Upper  to 

OF   SPECI- 

IN 

WIDTH 

TO  width          width 

LOWER  tooth 

Name 

Locality 

MENS 

MM 

RATIO 

RATIO 

RATIO 

ratio 

n 

vulgata 

N.  Carolina 

6 

13.5 

0.51 

0.21 

0.40 

1.15 

n. 

vulgata 

Ohio 

5 

13.5 

0.54 

0.22 

0.36 

1.10 

types 

/  \ 

'  ^ 

h. 

claiboniensis 
type 

Tennessee 

1 

12.7 

0.54 

0.19 

1.20 

f. 

ohsoleta 

N.  Carolina 

25 

10.8 

0..56 

0.14 

0.47 



f. 

ubsuleta 

S.  Carolina 

5 

11.4 

0.54 

0.15 

0.47 

1.20-1.25 

.show  irregular  geographic  variation.  It  is 
remarkahle  that  a  form  as  widely  distrib- 
uted as  n.  viih^ata  has  not  developed  any 
cline. 

The  mean  values  of  population  in  char- 
acter index  also  show  moderate  and  irregu- 
lar geographic  variation  ( Fig.  13 ) .  All  this 
evidence  indicates  that  n.  vulgata  shows 
primary  intergradation. 

Systematica.  Triodopsis  n.  vulgata  is  a 
w  idespread,  common  snail.  Yet  it  somehow 
escaped  description  until  as  late  as  1940. 
The  partial  reason  for  this  delay  may  be 
that  its  conspecificity  with  a  related  form, 
T.  fraiiduletita,  was  taken  for  granted,  and 
thus  the  workers  could  refer  to  it  as  fraiid- 
ideiila;  but  the  whole  reason  remains  ob- 
scure to  me.  Northern  and  southern  popu- 
lations of  tridentata  were  not  named  ei- 
ther, although  one  would  have  expected  it 
because  of  their  dissimilarity   (p.  156). 

As  will  be  shown  in  later  sections,  vid- 
gata  is  specifically  distinct  from  T.  fraiidii- 
lenta,  and  probably  conspecific-  with  T. 
neglecla.  For  these  reasons,  and  since  nc- 
glecta  is  an  older  name  than  vulgata,  it  is 
neces.sary  to  change  its  name  to  7'.  ueglecta 
vulgata. 

Small,  depauperate  specimens  of  T.  u. 
vulgata  from  Harrogate,  ('laiborne  County, 
Tennessee,  have  been  described  1)\'  Lut/ 
(1950)    as    T.    Iiopetonensis   claibornensis. 


They  are  not  Iiopetonensis}  however,  but 
T.  n.  vulgata,  as  shown  by  the  comparison 
of  some  measurements  (Table  V).  Also,  /. 
ob.soleta  (=  hopetonensis)  does  not  occur 
anywhere  near  Harrogate,  whereas  /).  vul- 
gata does, 

Triodopsis  neglecfa  neglecfa  (Pilsbry) 
Plate  II:  18-20 

Pohjgyia  ueglecta  Pilsbry,  1899,  Nautilus  13:  40. 
Eureka  Springs,  Carroll  Count\-,  Arkansas.  Tvpe 
ANSP  76283. 

Triodopsis  falhix  Say,  var.  nh/io/-  Wetherby,  1881, 
J.  Cincinnati  Soc.  Nat.  Hist.  4:  333.  Springfield, 
C^reene  County,  Missouri.  Non  T.  iutroferens 
var.  minor  Tryon,  1867.    Type  not  seen. 

Definition.  Triodopsis  n.  )}egleeta  cor- 
responds to  T.  neglecta  of  earlier  authors. 
It  contains  those  populations  of  the  fraud- 
ulenta  complex  which  ha\e  mean  \alues 
between  20  and  30  in  character  index.  The 
character  index  was  prepared  as  shown  in 
Table  IV  (p.  176). 

Description.  Shell  width  9.9-13.2  mm, 
height  4.6-6.5  mm,  height  to  width  ratio 
0.41-0.53;  mnbilicus  2.J-3.9  mm,  umbilicus 
to  w  idth  ratio  0. 20-0. 30;  niunber  of  whorls 
4.(S-6.(),  whorl  to  width  ratio  0.40-0.51;  up- 
[)er   tooth    to   lower    tooth    ratio    1.08-1.46; 

'  Trio(loi)sis  hoi)Cloncn.\i.\  is  eonsidered  hybritl  ])v- 
tweeu  7'.  /.  alahauH'n,si.s\  f.  fuUax,  and  /.  ohsoleta 
(p.  198).  The  ta\on  which  Lutz  called  hopclomii- 
s/.v  is  here  called  /.   ohsohhi    (p.    187). 
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embryonic  whorls  and  sculpture  as  in  ;i. 
vid<iata\  aperture  scjuare  to  trapezoid;  lip 
swelling,  lip  teeth,  and  parietal  lamella  of 
moderate  size;  parietal  lamella  angular, 
pointing  abo\e  upper  lip  tooth. 

Differentia]  diagnosis.  Triodopsis  n.  nc- 
glecta  differs  from  T.  n.  vulgata  in  that  the 
shell  is  smaller,  flatter,  and  more  tightly 
coiled,  the  umbilicus  wider  and  more  cylin- 
drical, the  parietal  lamella  more  angular, 
and  the  upper  tooth  to  lower  tooth  ratio 
higher. 

Distribution.  Triodopsis  n.  neglecta  oc- 
curs in  the  foothills  of  the  Ozark  Moun- 
tains, in  Missouri  and  Arkansas.  It  is  a 
peripheral  isolate  of  n.  vidgata,  being  sep- 
arated from  the  latter  by  the  Mississippi 
Valley  (Fig.  13).  There  is  a  gap  of  about 
150  miles  between  the  closest  n.  neglecta 
and  n.  vidgata  localities.  The  intervening 
area  is  not  well  collected,  however,  and 
new  localities  in  this  area  mav  be  discov- 


er 


ed. 


The  mea.mred  materia]  comes  from  the 
following  localities:  Missouri:  Greene, 
Barry,  and  Christian  counties  (ANSP). 
Arliansas:  Washington,  Benton,  Carroll, 
and  Searcy  counties  (ANSP).  Kansas: 
Bourbon  County  (2  samples).  A  total  of 
9  samples,  1-30  specimens  each,  81  speci- 
mens altogether. 

Ecology.  Triodopsis  n.  neglecta  is 
largely  confined  to  the  oak-hickory  forest 
region  (Fig.  13).  Only  a  few  localities  oc- 
cur outside  of  this  region  in  the  grasslands; 
probably,  however,  these  localities  also  are 
woody  patches,  too  small  to  show  up  on 
the  map.  The  boundaries  of  the  plant  as- 
sociations do  not  coincide  with  the  subspe- 
cies border.  Most  localities  lie  between  500 
and  1500  feet  elevation. 

Variation.  There  is  only  limited  varia- 
tion, as  could  be  expected  from  the  small 
distribution  of  the  subspecies.  The  shell 
width  is  statistically  correlated  with  height, 
umbilicus,  and  whorl  number,  as  in  other 
taxa  of  Triodopsis.  All  characters  sho\\'  ir- 
regular geographic  variation. 


Triodopsis   n.    vulgata    populations 
approaching  Triodopsis  n.  neglecta 
Plate   II:     15-17 

The  neglecta  populations  of  Alabama  re- 
semble n.  vulgata  in  size  and  apertural 
features,  but  resemble  n.  neglecta  in  height 
and  umbilicus  ( Table  VI ) .  These  popula- 
tions are  considered  n.  vulgata  partly  be- 
cause their  character  index  falls  in  the 
range  of  n.  vulgata  (Alabama  populations: 
50-55;  n.  vulgata:  50-75;  n.  neglecta:  20- 
30),  partly  because  they  occur  near  "nor- 
mal" n.  vulgata  populations,  isolated  from 
n.  neglecta  (Fig.  13).  Someone  might  wish 
to  treat  them,  however,  as  intergrades  be- 
tween n.  vulgata  and  n.  neglecta.  This 
would  also  be  acceptable,  but  the  former 
treatment  is  preferable,  because  of  the 
reasons  mentioned.  Some  populations  from 
Tennessee  also  resemble  n.  neglecta,  al- 
though to  a  lesser  degree  than  do  the  Ala- 
bama populations. 

The  origin  of  these  populations  is  prob- 
ably reducible  to  simple  variation.  Hybrid- 
ization is  unlikely,  because  the  range  of 
variation  in  these  populations  is  hardly 
greater  than  in  the  assumed  "pure"  paren- 
tal populations   (Fig.  4). 

The  Alabama  and  Tennessee  popula- 
tions are  of  great  significance  from  a  taxo- 
nomic  point  of  view.  They  indicate  that 
the  genetic  constitution  of  n.  vulgata  and 
n.  neglecta  is  so  similar  that  interbreeding 
between  them  would  occur  should  they 
be  in  contact  with  each  other.  It  therefore 
seems  justified  to  consider  the  two  forms 
conspecific.  A  similar  case  was  encoun- 
tered in  T.  j.  juxtidens  and  /.  discoidea. 

Summary.  (1)  Triodopsis  neglecta  has 
two  subspecies:  n.  neglecta  and  n.  vulgata. 
The  former  was  considered  by  earlier 
workers  to  be  a  separate  species,  the  latter 
a  subspecies  belonging  to  T.  fraudidenta. 
Triodopsis  n.  vulgata  includes  T.  hopeto- 
nensis  claibornensis  as  a  synonym. 

(2)  Triodopsis  n.  vulgata  is  distributed 
over  a  vast  area;  T.  n.  neglecta  is  a  periph- 
eral isolate. 
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Table  VI 
Range  of  Variation  in  Alabama  Populations  of  Triodopsis   n.    vulgata.     For   Comparison,   the 
Range  of  Variation  of  y.  neglecta  and  of  n.  vulgata.  Exclusive  of  the  Alabama  Populations, 
IS  Also  Shown.   Arrows  Point  Towai^d  the  Taxon  to  Which  the  Alabama  Population  Bears  the 

Greater  Similarity. 


Name 

Distribution 

Width 

IN 

MM 

Height  to 

WIDTH 
RATIO 

Umbilicus 

TO  WIDTH 
RATIO 

Upper  to 
lower  tooth 

RATIO 

Char- 
acter 

INDEX 

T 

.  n.  neglecta 

Ozarks 

9.9- 

-13.2 

0.41- 

-0.53 

0.20- 

-0.30 

1.08- 

-1.46 

20- 

-30 

Vi 

iriant 
n.   vulfiata 

Alabama 

14.6- 

-16.8 

0.46- 

-0.51 

t 

0.24- 

-0.29 

t 

1.09- 

-1.16 

50- 

-55 

T 

n.   vulgata 
exclusive  of 
Alabama  popi 

lations 

Ontario   to 
Tennessee 

12.2- 

-19.8 

i 

0.41- 

-0.63 

0.16- 

-0.30 

1.00- 

-1.29 

50- 

-75 

(3)  Both  .suh.species  prefer  elevation.s  of 
between  500  and  1500  feet.  The  northern 
limit  of  distribution  of  T.  n.  vulgata  is 
probably  determined  by  the  northern  bound- 
ary of  the  beeeh-maple  assoeiation. 

(4)  Both  subspeeies  show  primary  inter- 
gradation  and  irregular  geographie  varia- 
tion; it  is  surprising  that  with  such  an  ex- 
tensive range  n.  vulgata  has  developed  no 
cline. 

Triodopsis  pendula  Hubricht 
Plate  M:  24-26 

Truxlopsi.s  j)ciuliil(i  Iiiil)iiclit,  1952,  Nautilus  65: 
82.  Summit  of  Hanging  Rock  Mountain,  Hang- 
ing Rock  State  Park,  Stokes  County,  North  Caro- 
lina. Holot\pe  ANSP  188293.  paratvpes  ANSP 
188294. 

Definition.  Triodop.si.s  \)vndula  is  recog- 
nized here  as  defined  by  its  author.  It  con- 
tains those  populations  of  the  fraudulenta 
complex  whicli  have  mean  values  of  30-45 
in  character  index.'  The  chart  used  for 
computing  character  index  is  shown  in 
4'al)le  IV. 

Description.  Triodopsis  jxiidula  com- 
bines shell  leaturcs  of  T.  n.  vidgata  with 
apertural  features  ol  7'.  /;.  neglecta.  Shell 
width    10.7-1 3. S    mm;    height   5.5-7.2   mm, 

'  Two  i^opulalions  ol  7'.  ;j.  iicglcchi  also  lia\c 
mean  values  of  30.  I'lie  overlap  is  caused  by  llic 
fact  that  })('n(lula  resembles  ;i.  neglecta  in  apertural 
features  utilized  in  making  the  character  index. 
Notwithstanding  this  overlap  in  ehara(  (er  index, 
the  two  forms  can  be  safeK    (hstingnished. 


height  to  width  ratio  0.50-0.59;  uml)ilicus 
2.0-3.2  mm,  umbilicus  to  width  ratio  0.19- 
0.25;  whorl  numl^er  4.9-5.8,  whorl  to  width 
ratio  0.41-0.49;  upper  tooth  to  lower  tooth 
ratio  1.09-1.34;  embryonic  whorls  and 
sculpture  as  in  n.  vulgata;  aperture  trape- 
zoid, dished  in  region  of  upper  lip  tooth; 
lip  swelling  well  developed,  upper  lip 
swelling  deeply  receding,  lower  marginal; 
upper  lip  tooth  moderately  broad,  flat, 
sometimes  bifid,  lower  lip  tooth  normal, 
located  near  columella;  parietal  lamella 
gentl\'  bent  to  slighth'  angular,  pointing 
above  upper  lip  tooth. 

Differential  diagnosis.  Triodopsis  ))en- 
dula  differs  from  T.  n.  vulgata  in  that  the 
shell  is  smaller  and  the  lower  lip  tooth 
closer  to  the  columella  ( higher  upper  tooth 
to  lower  tooth  ratio).  From  T.  n.  neglecta 
it  is  differentiated  by  its  narrower  umbili- 
cus and  the  looser  coiling  of  the  shell;  also, 
the  last  whorl  bc'hind  the  aperture  is  more 
than  1.5  times  wider  than  the  penultimate 
one  in  ])end\da,  less  than  1.5  times  in  ;i. 
neglecta.  Triodopsis  j)cihIuI(i  ina\-  also  be 
mistaken  for  T.  riigosa.  However,  the  aper- 
ture is  dislied.  the  lower  li[)  tooth  is  closer 
to  the  columella,  and  the  last  whorl  is 
wider  in  jxnidula  than   in   rugosa. 

Dislrihulion.  Triodoj)sis  ])endula  occurs 
in  thrcH'  isolated  areas,  in  North  C'arolina- 
Tennessee,  in  Penns\  1\  ania.  and  in  Ohio 
(Kig.  13).  The  Ohio' record  (  MCZ  81499) 
is  open  to  (luestion,  but  ina\"  be  true.  The 
other  two  areas   lie   along  the   eastern   and 
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northeastern  periphery  of  the  range  of  n. 
vulgata.  This  disjunct  distribution  pattern 
may  indicate  that  the  species  is  disappear- 
ing, or  may  be  indicative  of  a  hopping  dis- 
persal. Unfortunately,  we  have  no  proof 
either  way. 

The  measured  inaterial  comes  from  the 
following  localities:  Pennsylvania:  Adams 
County  (ANSP).  Ohio:  Lorain  County 
(MCZ).  North  Carolina:  Stokes  (2  sam- 
ples), Rowan,  and  Davidson  counties 
(ANSP);  Stokes  and  Catawba  counties 
(JV).  Tennessee:  Carter  County  (ANSP). 
A  total  of  9  samples,  1-10  specimens  each, 
34  specimens  altogether. 

EeoIoii,y.  Triodopsis  pendida  lives  in 
mixed  oak-pine,  oak-chestnut,  and  beech- 
maple  forests  (Fig.  13).  All  localities  lie 
between  500  and  1500  feet  elevation,  ex- 
cept the  one  in  Tennessee,  which  comes 
from  a  higher  altitude.  At  this  locality, 
pendida  appears  to  coexist  with  n.  vidgata; 
at  least  the  museum  lot  contains  one  speci- 
men of  pendida  among  several  of  n.  vid- 
Hata. 

Variation.  As  a  consequence  of  the  small 
population  and  limited  distribution,  the 
variation  is  restricted.  The  measured  char- 
acters are  statistically  correlated  with  each 
other;  the  geographic  variation  is  irregu- 
lar. 

Systematics.  Triodopsis  pendida  is  spe- 
cifically distinct  from  T.  n.  vidgata,  because 
it  overlaps  and  apparently  coexists  with 
that  form  \\ithout  interbreeding. 

Summary.  Triodopsis  pendida  is  a  mon- 
otypic  species,  with  disjunct  distribution, 
limited  variation,   and  a  small  population. 

Triodopsis  fraudulenta   (Pilsbry) 
Plate  II:  21-23 

Poly<iyia  tridcntata  \ar.  fraiuIuJcnta  Pilsl:)iy,  1894, 
Proc.  Atad.  Nat.  Sci.  Philadelphia  46:  20,  pi.  1, 
fig.  6.  Morgan  County,  West  Virginia,  opposite 
Hancock,  Maryland.    Type  ANSP  64725. 

Triodupsis  picea  Hubricht,  1958,  Trans.  Kentucky 
Acad.  Sci.  19:  73.  Spruce  Knob,  Pendleton 
County,  West  Virginia.  Holotype  ANSP  202186, 
paratypes  ANSP  202185. 


Definition.  Triodopsis  fraudulenta  com- 
bines the  taxa  formerly  known  as  T.  f. 
fraudidenta  and  T.  picea;  the  former  /. 
vidgata  is  excluded.  A  character  index  was 
not  prepared  for  this  species. 

Description.  Shell  width  12.7-16.9  mm, 
height  6.7-9.0  mm,  height  to  width  ratio 
0.45-0.63;  umbilicus  1.9-3.9  mm,  umbili- 
cus to  width  ratio  0.1.5-0.24;  number  of 
whorls  5.2-6.1,  whorl  to  width  ratio  0.34- 
0.43;  upper  tooth  to  lower  tooth  ratio  0.96- 
1.22;  embryonic  whorls  and  sculpture  as  in 
n.  vidgata:  aperture  oval-rectangular,  lip 
swelling  thick,  lower  lip  swelling  forming 
a  straight  edge;  upper  lip  tooth  very  broad 
and  deeply  receding,  located  on  right  side 
of  aperture;  lower  lip  tooth  narrower  and 
marginal,  located  at  middle  of  lower  lip 
or  closer  to  columella;  parietal  lamella 
large  and  nearly  straight;  lip  teeth  and 
parietal  lamella  usually  overlap  as  one  looks 
into  the  aperture;  in  a  few  specimens  the 
lip  teeth  and  parietal  lamella  do  not  over- 
lap, and  the  upper  lip  tooth  is  less  reced- 
ing than  usual. 

Differential  diagnosis.  Triodopsis  fraud- 
ulenta differs  from  T.  n.  vidgata  in  that 
the  aperture  is  oval-rectangular,  the  lower 
lip  swelling  forms  a  straight  ledge,  the  lip 
teeth  and  the  parietal  lamella  are  very 
large,  the  upper  lip  tooth  is  deeply  reced- 
ing, and  the  last  whorl  behind  the  aperture 
is  only  1.2-1.6  times  wider  than  the  penulti- 
mate one.  In  n.  vidgata,  the  aperture  is 
usually  square,  the  lower  lip  swelling  does 
not  form  a  straight  ledge,  the  armature  is 
weaker,  the  upper  lip  tooth  is  moderately 
receding,  and  the  last  whorl  behind  the 
aperture  is  1.4-l.S  times  wider  than  the 
penultimate. 

Distribution.  Triodopsis  fraudidenta  is 
found  in  the  high  mountain  regions  of  Vir- 
ginia and  Maryland  (Fig.  13).  Its  range 
lies  on  the  periphery  of  that  of  n.  vidgata, 
with  ample  overlap.  Surprisingly  enough, 
it  is  missing  from  the  southern  Appala- 
chians; for  explanation,  see  ecology,  below. 

The  measured  material  comes  from  the 
following    localities;     Maryland:     Garrett, 
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14,  Distribution  of  Triodops/'s  fraudulenta  and  the  mountain  forms  of  Trlodopsis  tridentata  and  Triodopsis  f. 
Thick,  solid  line  separates  the  range  of  the  three  forms;  there  is  almost  no  overlap.  Other  symbols  refer  to  ele- 
and    state    boundaries,    as    explained     in     Figure    3. 


Allcf^haiiy,  and  Cecil  counties  (ANSP). 
Vir^itiia:  (iilcs  and  H()ck])iidge  countic^s 
(ANSP).  Wesi  Virginia:  Morgan  (2  sam- 
ples) and  Pendleton  counties  (ANSP); 
Greenbrier  County  (MCZ).  A  total  of  9 
samples,  1-10  specimens  each,  34  speci- 
mens altogether. 

Ecolopj.  Triodopsis  fratidulculd  is  a 
mountain  form  of  T.  ;i.  vAdiiata.  It  occurs 
between  1500  and  4000  feet,  except  for  a 
few  localities  which  lie  outside  these  limits 


(Fig.  13).  Thus,  at  Spruce  Knob,  Pendle- 
ton County,  West  \'irginia,  the  snail  reaches 
4400  feet  (picea,  Hubricht,  1958),  whereas 
in  Morgan  County,  West  Virginia,  opposite 
Hancock,  Maryland,  it  is  found  between 
400  and  500  feet.  It  sec-ms  probable  that 
the  I^)t<)mac  liixcr  and  its  tributaries 
washc^d  the  snail  down  to  such  low  eleva- 
tions. This  mode  of  dispersal  is  observed 
also  in  T.  jnxtidois.  Ironicalh',  the  low- 
land   population    had    ])vvu    lound    before 
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other  populations  of  froudulcnta  were  dis- 
covered, and  thus  became  the  type  popu- 
lation. 

The  area  occupied  by  fiauclulenta  is 
covered  by  mixed  mesophytic  and  oak- 
chestnut  forests,  except  for  the  higher 
peaks,  which  may  reach  up  into  the  ever- 
green zone  (Fig.  13).  The  distribution  of 
the  forest  types  and  the  snail  are  not  cor- 
related. 

Triodopsis  fmudulcnta  occurs  only  in 
the  higher  regions  of  the  northern  Appa- 
lachians. The  comparable  habitats  in  the 
southern  Appalchians  are  occupied  by  the 
mountain-form,  grade  D,  of  the  related 
species,  T.  tridcntata  (Fig.  14).  It  seems 
clear  that  the  two  forms  exclude  one  an- 
other. Each  form  "fills"  its  habitat  com- 
pletely, thus  leaving  no  room  for  the  other. 

Variation.  Apeiiurc:  In  the  populations 
from  Spruce  Knob,  Pendleton  County, 
West  Virginia,  and  Jennings.  Garrett 
County,  Maryland,  the  upper  lip  tooth  is 
narrower  and  less  receding  than  nonnal 
for  fraiidtdenta,  thus  approaching  T.  n. 
vulgata.  This  may  be  caused  by  introgres- 
sion  from  n.  vtdgata,  but  may  be  due  to 
simple  variation.  A  definite  conclusion 
cannot  be  reached,  because  only  two  pop- 
ulations— six  specimens — are  available,  not 
enough  for  statistical  analysis.  The  Spruce 
Knob  population  has  been  described  by 
Ilubricht  as  T.  picea. 

The  strong  development  of  the  lip  swell- 
ing, lip  teeth,  and  parietal  lamella  occurs 
in  all  species  of  the  subgenus  which  inhabit 
higher  mountains,  tridcntata,  nigosa,  fraud- 
ulenta,  and  /.  fallax.  These  features  ap- 
pear to  be  adaptive,  but  their  exact  signifi- 
cance is  unknown. 

Measured  characters:  Shell  width,  height, 
umbilicus,  and  \\'horl  number  are  corre- 
lated statistically.  Their  geographic  varia- 
tion is  irregular. 

Systematics.  Triodopsis  fraiidtdenta  ap- 
pears to  be  a  specialized  mountain  form  of 
T.  n.  vtdgata.  Thus  it  would  seem  logical 
to  consider  it  conspecific  with  the  latter, 
as  earlier  workers  have  indeed  done.    But 


the  two  forms  seem  to  have  reached  repro- 
ductive isolation — they  do  not  interbreed 
despite  a  wide  overlap.  For  this  reason,  it 
is  necessary  to  separate  them  on  the  species 
level.  It  may  be  added  that  partial  eco- 
logical isolation  also  has  been  achieved, 
since  fraudidenta  prefers  higher  areas  than 
does  n.  vidgata. 

Triodopsis  picca  has  a  somewhat  nar- 
rower umbilicus,  and  a  narrower  and  less 
receding  upper  lip  tooth  than  "normal" 
fraudidenta  (Hubricht,  1958).  Its  author 
also  claims  that  it  is  "unique  in  having 
papillae  over  the  upper  surface  of  the 
shell."  On  this  basis,  he  ranks  it  as  a  full 
species.  I  believe  this  to  be  unwarranted. 
The  measurements  of  picea  are  clearly 
within  the  range  of  fraudidenta  (Table 
VII).  The  upper  surface  of  the  shell  of 
fraudidenta,  as  well  as  of  some  other  spe- 
cies of  Triodopsis,  is  papillated.  Only  the 
differences  in  the  aperture  remain.  When 
one  considers,  however,  how  much  the 
aperture  varies  in  Triodopsis,  not  much 
importance  can  be  attributed  to  these  rel- 
atively minor  differences.  The  conclusion 
is  thus  that  picea  should  not  be  separated 
from  fraudidenta  on  a  morphological  basis. 
The  same  is  true  of  distribution.  Hubricht 
reported  picea  from  Spruce  Knob,  Pendle- 
ton County,  Three  Forks  of  William  River, 
Webster  County,  and  Rainelle,  Fayette 
County,  all  in  West  Virginia.  A  population 
from  Jennings,  Garrett  County,  Maryland, 
can  also  be  included  with  the  above.  All 
these  localities  are  isolated  from  one  an- 
other, and  lie  within  the  range  of  fraudii- 
lenta.  At  no  locality  do  picea  and  fraudu- 
lenta  occur  together. 

Summary.  ( 1 )  Triodopsis  fraudidenta  is 
a  monotypic  species,  with  T.  picea  as  a 
synonym.  The  former  T.  f.  vulgata  is  ex- 
cluded from  the  species. 

(2)  Triodopsis  fraudidenta  is  a  special- 
ized mountain  form  of  T.  n.  vulgata.  It 
occurs  in  the  northern  Appalachians,  pri- 
marily at  higher  elevations.  Similar  regions 
in  the  southern  Appalachians  are  occupied 
by  the  mountain  form  of  the  related  spe- 
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Table  VII 

Measurements  of   Triodopsis  picea  and  Two  Populations  of  T.  fraudulenta. 

Considered  Synonymous  with  the  Latter. 


The  Former  is 


Mean   of 


Name 

Locality 

Number 

OF   SPECI- 
MENS 

Width 

IN 
MM 

Height  to 

WIDTH 

ratio 

Umbilicus 

to  width 

ratio 

Whorl  to 

WIDTH 

ratio 

Upper  to 

LO\VTER  tooth 
RATIO 

picea  types 
fraudulenta 
fraudulenta 
types 

W.  Virginia 
Maryland 
W.  Virginia 

3 
3 
1 

14.0 
15.2 
15.7 

0.56 
0.55 
0.54 

0.17 
0.17 
0.20 

0.39 
0.35 
0.36 

1.07 
1.09 
1.18 

cies,   T.   tridcnfata.    Thus  the  two  moun- 
tain forms  sliow  ecological  exclusion. 

EvoJutiununj  rclation.'^hip.s  witJiin  the 
fraudulenta  eomplcx.  As  the  morphological 
and  distributional  evidence  indicates,  T.  n. 
vulfi,ata  may  be  the  central  stock  from 
which  developed  the  other  members  of  the 
complex,  n.  negleeta,  pcndula,  and  fraudu- 
lenta. This  form  is  in  intimate  relationship 
with  the  others,  and  occupies  a  geograph- 
ically central  position  as  well.  The  other 
forms  can  be  derived  from  n.  vulgata,  and 
occupy  positions  peripheral  to  n.  vuh^ata. 
It  thus  seems  likely  that  they  once  were 
part  of  the  population  of  /}.  vulg,ata,  but  be- 
came isolated  and  diverged. 

The  fallax  Complex 

Definition.  This  complex  contains  two 
polytypic  species  with  five  subspecies:  T. 
fallax,  with  subspecies  /.  fallax,  f.  ohsoleta, 
and  /.  alabamensi.s;  and  T.  eopei,  with  sub- 
species c.  eopei  and  e.  era^ini;  and  one, 
somewhat  isolated  monotypic  species,  T. 
soelneri. 

Triodopsis  fallax  (Say) 
Triodopsis  fallax.  fallax  (Say) 
Plate  III:    4,  5,   10,   11 

Helix  fallax  Say,  1825,  J.  Acad.  Nat.  Sci.  i'liila- 
delphia  5:  119.  Neotvpc  selected  1)\  i'ilshrx 
(1940:  809,  fig.  480a).  Manaymik,  MontgoineiN 
County,   Pennsylvania.    Neotype   ANSP  25821. 

Helix  introfcrens  Bland,  1860,  Ann.  Lye.  Nat.  Ilisl. 
New  York  7:  117,  pi.  IV,  figs.  3-4.  Caston 
County,  and  Salem,  Iv)rsytli  C(>iint\,  Ixitli  Xortli 
Carolina.    Type  not  seen. 


Triodop.sis  introferens  var.  minor  Tryon,  1867, 
Anier.  J.  Conch.  3:  51.  ".  .  .  the  whole  country 
east  of  the  Rocky  Mountains."    Type  not  seen. 

Definition.  Triodop.sis  f.  fallax  corre- 
sponds to  T.  fallax  of  Pilsbry  (1940).  It 
contains  those  populations  of  the  species 
which  have  mean  values  of  50-100  in  char- 
acter index  A,  and  of  70-90  in  character 
index  B.  The  chart  used  for  computing 
character  index  is  shown  in  Table  VIII. 

Deseription.  Shell  width  10.1-15.5  mm; 
height  5.9-9.1  mm,  height  to  width  ratio 
0.50-0.66;  umbilicus  1.3-3.2  mm,  umbihcus 
to  width  ratio,  0.12-0.22;  number  of  whorls 
5.0-6.4,  whorl  to  width  ratio,  0.3S-0.56; 
embryonic  whorls  1.4-1.5,  with  faint  stria- 
tion  or  almost  smooth;  subsequent  whorls 
with  more  pronounced  striae,  last  whorl 
w  ith  3-5  strong  striae  per  millimeter;  inter- 
vals between  striae  smooth,  papillae  occur- 
ring only  in  umbilical  region  and  behind 
aperture;  aperture  oval  to  auriculate,  lip 
swelling  thick,  slightK'  receded,  and  there- 
fore edge  of  aperture  sharp;  lip  teeth  large, 
upper  lip  tooth  moderately  to  deeply  reced- 
ing, lower  li]-)  tooth  marginal;  a  small  or 
large  fulcrum  preseut  inside  last  whorl; 
usualK'  a  small,  flat  projection  present  on 
iacc>  of  lower  lip. 

Differential  diaii,nosi.s:  Triodopsis  f.  fal- 
lax is  easily  distinguish(>d  from  T.  fraudu- 
lenta because  it  has  a  fulcrum  and  a  nar- 
row umbilicus  which  expands  suddenly  at 
the  last  whorl.  T.  fraudulenta  has  no  ful- 
eniin.  and  its  umbilicus  is  wide  at  the  be- 
ginning, expanding  moderately  at  the  last 
whorl. 
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Table  VIII 
Chart  for  Computing  Character  Lxdex  for  Triodopsis  fallax. 


Character  Index  A 

Score 

Aperture  grade 

Fulcrum 

0 

A 

none 

/.  obsoleta 

20 

B 

small 

^ 

40 

C 

large 

•  ^ 

60 

D 

f.  faUax 

Method  of  calculation 

A  specimen  having 

an   aperture  grade  D  and  . 

\  large  fulcrum   is  scored  60  +  40   =    100,  the 

maximum  possible   score. 

Character  Index  B 

^^'HORL  TO 

Angle  of  right 

Pari- 

Edge 

WIDTH 

SIDE  OF  APERTURE 

etal 

OF 

Score 

RATIO 

(  IN   DEGREES ) 

LAMELLA 

APERTURE 

0 

0.67-0.68 

77.5-80.0 

arcuate 

swollen 

5 

0.66 

82.5-85.0 

/.  alahamcnsis 

10 

0.64-0.65 

87.5 

J 

, 

15 

0.63 

90.0-92.5 

slightly  angular 

slightly  swollen 

20 

0.61-0.62 

95.0 

25 

0.60 

97.5-100.0 

30 

0.58-0.59 

102.5 

sharply  angular, 
straight,  missing 

sharp 

35 

0.57 

105.0-107.5 

40 

0.55-0.56 

110.0-112.5 

45 

0.54 

50 

0.53 

55 

0.52 

60 

0.50-0.51 

65 

0.49 

70 

0.47-0.48 

75 

0.46 

80 

0.44-0.45 

85 

0.43 

90 

0.41-0.42 

\ 

' 

95 

0.40 

/.  fallax- 

100 

0.38-0.39 

f.  obsoleta 

Method  of  calculation: 

a  specimen  with  a  \\ 

horl  to  width  ratio  of  0.38 

an  aperture  angle  of   112.5   degrees,   a  sharply 

angular 

IJarietal  lamella. 

and  a  sharj)  aperture 

edge  is  scored   (100  +  40 

+  30  +  30)/2  =   100,  the  maximum  available 

score. 

Distribution.  Triodopsis  f.  falJox  ranges 
from  New  Jersey  to  North  Carolina.  West- 
ward, it  reaches  to  the  Blue  Ridge  Moun- 
tains, and  in  one  place  to  Tennessee  (Fig. 
15).  It  overlaps  T.  tridentato  shghtly,  T.  j. 
jtixtidens  extensively. 

The  measured  material  comes  from  the 
following  localities:  New  Jersey:  Glou- 
cester County  (ANSP).  Pennsylvania: 
Philadelphia,  Montgomery,  Berks,  Chester, 
and  Adams  counties  (ANSP).  Maryland: 
Kent  County  (ANSP).  Virg^inia:  Alex, 
Fairfax,  Prince  William,  Albennarle,  Rock- 


bridge, and  Pittsylvania  counties  (ANSP). 
North  Carolina:  Rockingham,  Gaston, 
Randolph,  Richmond,  Cumberland,  and 
Warren  counties  (ANSP).  Tennessee: 
Knox  County  (MCZ).  A  total  of  20  sam- 
ples, 2-30  specimens  each,  187  specimens 
altogether. 

Ecolog.y.  Triodopsis  f.  fallax  inhabits 
mixed  oak-pine  and  oak-chestnut  forests 
(Fig.  15).  It  reaches  from  about  300  feet 
on  the  coastal  plain  to  about  1500  feet  in 
the  Blue  Ridge  Mountains.  It  is  probable 
that  elevation,  or  factors  associated  with  el- 


186        Bulletin   Museum  of  Cowparative  Zoology,  Vol.   136,   No.   7 


\   PA.  .•'.•.;;Vr^-\.-- 

^      ."■?■■  m^Q  ...  '■■\® 


INTERMEDIATE    F  FALLAX- 
F  OBSOLETA 

F  OBSOLETA 


3     HYBRID    F  ALABAMENSIS  X 
F  FALLAX  OR  F  OBSOLETA 

O     F  ALABAMENSIS 


25       50      75        100 
MILES 


Systematics  and  Evolution  of  Triodopsis   •  Vagvolgyi        187 


evation,  determines  the  subspecies  border 
to  a  great  degree.  The  forest  boundaries 
do  not  have  such  a  role. 

It  remains  obscure  to  me  why  T.  f.  fallax 
fails  to  reach  above  1500  feet  in  the  Blue 
Ridge  Mountains.  Judged  by  its  heavy  ar- 
mature, /.  fallax  is  a  "mountain-adapted" 
snail  (p.  239),  and  we  would  thus  expect 
to  find  it  at  high  altitudes.  Competition 
and  exclusion  are  in  all  likelihood  not  re- 
sponsible for  its  absence,  since  no  other 
mountain -adapted  species  of  Triodopsis  oc- 
curs in  the  region.  Perhaps  we  should  not 
consider  the  heavy  armature  an  adaptation 
to  the  mountains;  in  most  other  cases,  how- 
ever, this  feature  is  certainly  associated 
with  mountainous  habitats,  and  in  the  spe- 
cies fallax,  the  heavy  aiTnature  is  restricted 
to  the  subspecies  which  lives  in  the  highest 
regions  of  the  species  range. 

In  my  experience,  T.  f.  fallax  does  not 
coexist  with  T.  /.  juxtidcns,  although  they 
extensively  overlap  and  both  inhabit 
woods.  The  size  of  these  animals  is  ap- 
proximately the  same,  and  so  are  their  eco- 
logical requirements;  both  live  in  the  litter 
layer  and  feed  on  decaying  plant  material 
and  fungi.  Hence  there  is  competition  and 
resulting  habitat  exclusion  between  them. 
The  similarity  in  the  ecological  require- 
ments is  striking,  if  we  consider  the  wide 
differences  in  morphology.  The  morpho- 
logical and  ecological  differences  have  evi- 
dently evolved  at  very  different  rates.  Tri- 
odopsis f.  fallax  also  shows  exclusion  with 
T.  tridentata,  which  it  narrowly  overlaps. 

Systematics.  The  first  description  of  the 
taxon  fallax  was  given  by  Say  in  1825.  Mis- 
takenly, however,  his  name  was  applied  to 


another  taxon,  today  known  as  fraudulcnta, 
whereas  the  true  fallax  was  called  intro- 
ferens.  Bland,  1865.  Tryon  pointed  out  this 
error  in  1867.  Subsequently,  fraudidenta 
was  changed  to  fallax,  introfercns  became 
synonymous  with  the  latter,  and  the  name 
fraudulcnta  was  transferred  to  the  proper 
taxon. 

Triodopsis  fallax  intergrades  and  prob- 
ably hybridizes  with  T.  obsoleta  and  T.  v. 
alahamcnsis  (p.  195,  names  in  old  usage). 
For  this  reason,  I  consider  it  conspecific 
with  these  forms.  Since  fallax  is  the  oldest 
of  the  three  names,  the  proper  name  of 
this  species  is  T.  fallax,  and  the  earlier 
fallax  becomes  the  nominal  subspecies  of 
this  species. 

Triodopsis  fallax  obsolefa  (Pilsbry) 
Plate  IN:  1-3,  6,  7 

Pohjgyra  fallax  obsoleta  Pilsbry,  1894,  Nautilus 
7:  140.  Nevvbern,  Craven  County,  North  Caro- 
lina.   Type  ANSP  .57195. 

Triodopsis  hopetonensis  subsp.  chincoteagensis 
Pilsbry,  1940,  Monogr.  Acad.  Nat.  Sci.  Phila- 
delphia No.  3:  Land  Mollusca  of  North  Amer- 
ica, 1  (2):  813,  fig.  480d.  Chincoteague  Island, 
Accomac  County,  Virginia.    Type  ANSP  151482. 

Triodopsis  fallax  subsp.  affinis  Hubricht,  1954, 
Nautilus  68:  28.  Columbia,  Richland  County, 
South  Carolina.    Paratype  ANSP  190820. 

Triodopsis  palustris  Hubricht,  1958,  Trans.  Ken- 
tucky Acad.  Sci.  19:  74.  Flood-plain  of  Santee 
River,  5.5  miles  southwest  of  St.  Stephens, 
Berkeley  County,  South  Carolina.  Holotype 
ANSP  202187  and  paratypes  ANSP  202188. 

Definition.  Triodopsis  f.  obsoleta  com- 
bines fallax  obsoleta  or  hopetonensis  obso- 
leta, J},  chincoteagensis,  f.  affinis,  and  palus- 
tris of  earlier  authors.  It  contains  those 
populations    of    the    species    which    have 


Figure  15.  Distribution  and  the  geographic  variation  of  character  index  A  of  Triodopsis  I.  tallax,  f.  obsoleta,  and  in- 
termediates between  the  two  subspecies.  Solid,  thick  line  separates  the  ranges  of  the  three  groups.  AFF,  type  locaht/ 
of  aflinis;  CHI,  c/iincoteagensis;  OBS,  /.  obsoleta;  PAL,  palustris  (these  four  forms  are  all  combined  in  /.  obsoleta). 
FAL,  f.  fallax.  CHA,  charlestonensis;  MES,  messano;  VAN,  vonnosfrondi  (these  three  forms  are  considered  hybrid  f.  ala- 
bamensis  X  I-  lallax  or  f.  obsoleta,  or  intermediate  between  f.  lallax  and  f.  obsoleta].  Numbers  without  o  circle  ore 
mean  values  of  samples  in  character  index  A;  samples  of  f.  obsoleta  range  from  0  to  20,  intermediate  between  f.  ob- 
soleta and  f.  lallax,  30-50,  I.  fallax,  50-100.  Note  that  /.  fallax  and  f.  obsoleta  ate  sharply  separated  in  the  northern 
and  middle  parts  of  the  range,  intergrading  in  the  south.  Other  symbols  refer  to  elevation,  forest  lypes,  and  state 
boundaries,    as    explained    in    Figure    3. 
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mean  values  of  0-20  in  character  index  A 
and  70-90  in  character  index  B.  The  chart 
used  for  computing  character  index  is 
shown  in  Table  VIII  (p.  185). 

Description.  Shell  width  9.7-13.5  mm; 
height  5.1-8.8  mm,  height  to  width  ratio 
0.47-0.65;  umbilicus  1.2-2.7  mm.  umbilicus 
to  width  ratio  0.11-0.22;  number  of  whorls 
4.5-6.0,  whorl  to  width  ratio  0.39-0.53;  em- 
liryonic  whorls  1.4-1.5,  with  faint  striation 
or  almost  smooth;  subsequent  whorls  with 
more  pronounced  striae,  last  whorl  with 
.3-5  striae  per  millimeter;  space  between 
striae  smooth,  except  in  umbilical  region 
and  behind  aperture,  where  covered  with 
papillae;  aperture  auriculate,  sometimes 
oval;  lip  swelling  thin  to  moderately  thick 
and  slight])'  receded,  thus  edge  of  aperture 
sharp;  lip  teeth  lacking,  small,  or  medium 
sized,  upper  lip  tooth  at  most  moderately 
receded,  lower  lip  tooth  marginal;  parietal 
lamella  small  and  straight  or  moderately 
large  and  angular;  fulcrum  usually  absent; 
flat  projection  on  face  of  lower  lip  absent 
or  very  small. 

Differential  diagnosis.  Triodopsis  f.  oh- 
soleta  differs  from  /.  falUix  in  that  the  ap- 
erture is  more  auriculate,  the  lip  teeth  and 
parietal  lamella  smaller,  the  fulcrum 
smaller  or  absent.  Also,  it  usually  has  rela- 
tively fewer  whorls  than  /.  fcdlax. 

Distribution.  Triodopsis  f.  ohsoleta  is 
distributed  along  the  eastern  seaboard  from 
Delaware  to  Georgia.  On  the  \A'est  it  is 
adjacent  to  /.  fallax.  The  t^^'o  forms  are 
sharply  separated  in  the  northern  and  mid- 
dle regions,  but  intergrade  in  the  southern 
region   (Fig.  15). 

The  measured  material  comes  from  the 
following  localities:  Maryland:  Somerset 
County  (2  samples,  ANSP).  Virii,inia:  Ac- 
comac,  Nortliampton,  Henrico,  King  Wil- 
liam, and  Norfolk  counties  (ANSP).  North 
Carolina:  Sampson,  Camden,  Chowan,  Ty- 
rell,  Beaufort,  Craven,  Jones,  Hanover,  and 
Northampton  counties  (ANSP).  South 
Carolina:  Dillon,  Ilorrv,  Sumter,  Clareii- 
don,  Bichland,  Union,  and  Berkeley  coun- 
ties (ANSP).    Georgia:    Biehmond  C'oimty 


(MCZ).  A  total  of  24  samples,  2-31  speci- 
mens each,  434  specimens  altogether. 

Ecology.  Triodopsis  f.  ohsoleta  occurs  in 
the  lower  regions  of  the  southeasteni 
coastal  plain,  up  to  about  300-400  feet, 
rarely  to  500  feet  ( Fig.  15 ) .  Since  the  sub- 
species border  runs  predominantly  parallel 
to  the  contour  lines,  elevation,  or  factors 
associated  with  it,  seems  to  determine  the 
distributional  limits  of  the  snail.  The  area 
is  covered  by  mixed  oak-pine  and  south- 
eastern evergreen  forests  (Fig.  15).  Both 
kinds  of  forests  seem  to  be  equally  suitable 
habitats  for  the  snail.  Several  records  are 
kno\\'n  from  offshore  islands. 

Triodopsis  f.  ohsoleta  shows  habitat  ex- 
clusion with  T.  j.  ju.xtidens. 

Systematics.  The  taxon  ohsoleta  was 
originally  assigned  by  its  author  as  a  sub- 
species to  Triodopsis  fallax.  A  iew  years 
later,  however,  he  transferred  it  to  T.  liopc- 
tonensis,  and  this  is  how  it  became  com- 
monly known.  The  change  was  for  the 
worse,  however,  since  hopetonensis  is  not 
a  valid  name,  the  type  population  being  a 
hybrid  between  /.  alahamensis  and  /.  fallax 
or  /.  ohsoleta.  Also,  ohsoleta  and  fallax  in- 
tergrade (see  p.  189),  and  therefore  should 
remain  in  the  same  species.  I  propose,  in 
consequence,  to  reinstate  the  original  name, 
although  not  quite  with  the  original  con- 
tent. 

In  contrast  to  the  views  set  forth  in  this 
paper,  Ilubricht  (1953:  120)  and  Grimm 
( in  litt. )  consider  T.  ohsoleta  and  T.  hope- 
tonensis as  two  separate  species.  Their  T. 
ohsoleta  is  w  hat  I  consider  grade  A  ( see  bel- 
low) of  T.  f.  ohsoleta,  and  their  T.  hojicto- 
)u-nsis  corresponds  largeK  to  nn  grade  B  of 
T.  f.  ohsoleta.  Ilubricht  argues  that  there* 
arediflcM'ences  i)etween  these  grades  in  aper- 
tiu(\  size,  height,  umbilicus,  and  color, 
(irimm  speaks  of  differcMices  in  height  of 
the  spire  and  luster  of  the  shell.  On  the 
basis  oi  ('\l('iisi\('  measurements  and  stud- 
ies, 1  eaiiiiot  eonlirm  that  any  of  these  dif- 
lerences  is  diagnostic  (Fig.  16,  and  Table 
IX).  Tlie  two  grades  caimot  be  separated 
on    distributional    iironnds    cM'ther.    because 
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their  areas  overlap,  and  they  frequently 
oecur  together  in  the  same  population.  I 
feel  it  is  justified,  therefore,  to  combine 
these  grades  into  the  single  taxon,  T.  f.  oh- 
soJeto. 

Hubricht  (1953:  121)  also  stated  that 
".  .  .  in  December,  a  series  of  specimens  of 
T.  obsoleto  from  two  localities  and  speci- 
mens of  T.  hopctoncnsis  from  two  other 
localities  were  examined  anatomically.  In 
all  the  specimens  of  T.  ohsoleta,  the  penis 
was  fully  developed,  but  in  the  specimens 
of  T.  hopctoncnsis  all  had  the  penis  very 
small  and  immature  in  appearance.  This 
suggests  that  a  factor  in  the  reproductive 
isolation  of  these  two  species  may  be  a  dif- 
ference in  the  breeding  season."  This  con- 
clusion seems  to  be  at  variance  with 
Grimm's  experiments  ( in  lift. ) .  The  latter 
investigator  repeatedly  crossed  hopctoncn- 
sis and  ohsoleta  in  the  laboratory,  which, 
of  course,  he  could  not  have  done  if  the 
two  forms  had  different  breeding  seasons. 

Three  forms,  known  as  T.  hopctoncnsis 
chincotcagensis,  T.  foUox  affinis,  and  T. 
pahistris,  appear  to  belong  to  /.  ohsoleta. 
The  detailed  argument  for  this  assignation 
is  as  follows. 

Triodopsis  h.  chincotcagensis  is  suppos- 
edly characterized  by  its  small  size,  narrow 
umbilicus,  and  reduced  lip  teeth.  These 
features  occur,  however,  in  many  T.  f.  oh- 
soleta populations,  and  thus  the  morpho- 
logical separation  does  not  hold  (Table 
IX).  The  form  in  question  occurs  on  an 
offshore  island  in  Virginia  (Fig.  15),  "iso- 
lated" from  the  mainland  population.  This 
fact  might  seem  to  justify  its  subspecific 
rank,  but  the  failure  of  the  population  to 
achieve  any  appreciable  moiphological  di- 
vergence seems  to  indicate  that  the  isola- 
tion is  incomplete  or  of  very  brief  standing. 
And  for  these  reasons,  a  subspecific  separa- 
tion of  the  population  is  unfounded. 

Triodopsis  pahistris  has  a  larger  and 
flatter  shell,  and  a  wider  umbilicus  than 
do  most  specimens  of  T.  f.  ohsoleta,  al- 
though there  is  no  gap  between  them 
(Table   IX).     Rather,   pahistris   represents 


the  extremes  of  the  variation  of  /.  ohsoleta. 
This  form  has  been  reported  from  the  flood 
plains  of  the  Savannah  and  Santee  rivers 
and  from  the  Altamaha  Swamp  (Hubricht, 
1958).  It  thus  appears  to  be  a  feebly  char- 
acterized polytopic  form,  which,  I  believe, 
should  not  be  recognized  taxonomically. 

Triodopsis  f.  affinis,  from  South  Carolina, 
differs  from  T.  /.  ohsoleta  in  that  some 
specimens  (4  of  11)  have  a  swollen  peri- 
stome. Since  the  latter  feature  normally 
occurs  in  T.  f.  alahamensis,  affinis  appears 
to  be  hybrid  between  /.  ohsoleta  and  /. 
alahamensis.  The  contribution  of  the  /. 
alahamensis  genes  is  so  small,  however, 
that  the  mean  value  of  the  population  in 
character  index  B,  70,  is  still  within  the 
range  of  /.  ohsoleta,  70-90;  T.  f.  alahamen- 
sis has  mean  values  of  20-40,  hybrids,  4.5- 
65.  For  this  reason,  I  consider  /.  affinis 
synonymous  with  /.  ohsoleta,  and  not  a 
hybrid. 

Hubricht,  who  described  /.  affinis,  also 
changed  his  opinion  on  its  status.  In  a  re- 
cent letter  he  wrote:  "T.  /.  affinis  is  a  hy- 
brid swarm  between  T.  fallax  and  T.  ala- 
hamensis." It  seems  to  me  more  likely  that 
/.  oh.soleta  is  the  first  parent,  because  it  oc- 
curs next  to  the  area  of  affinis,  whereas  /. 
fallax  does  not.  Furthermore,  T.  f.  fallax 
and  /.  oh.soleta  intergrade  in  South  Caro- 
lina, the  region  in  question,  and  thus  it 
may  well  be  that  intergrades,  rather  than 
"pure"  /.  ohsoleta  or  /.  fallax,  produced  /. 
affinis  by  interbreeding  with  f.  alaham- 
ensis. But  the  difference  is  really  not  im- 
portant. 

Populations  intermediate  between  Triodop- 
sis f.  fallax  and  f.  ohsoleta 

A  few  samples  of  T.  fallax  are  interaie- 
diate  between  /.  fallax  and  /.  ohsoleta  in 
morphological  characters.  This  is  expressed 
by  the  mean  values  of  these  populations  in 
character  index  A,  which  vary  from  30  to 
50;  those  of  /.  fallax  are  50-100,  of  /.  ohso- 
leta, 0-20.  These  samples  are  also  inter- 
mediate in  their  geographic  position  (Fig. 
15). 
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Table  IX 
Measurements  of  REPBESEXTAxrvE  Populations  of  Triodopsis  hopetonensis  chincoteagensis,  T. 

H.    OBSOLETA,    T.   F.   AFFINIS,   AND   T.   PALUSTRIS.     AlL  ThESE  TaXA  BeLONG  TO  F.   OBSOLETA.     TrIODOPSIS 

F.  AFFlNis  Shows  Some  Resemblance  to  T.  f.  alabamensis  in  Apertural  Features. 


Gr. 

\DE 

No. 

OF 

Speci- 

MEN.S 

Mean   of 

Width 

IN   MM 

Height 

TO 
NVIUTH 
RATIO 

Umbili- 
cus TO 
width 

RATIO 

Character 

Locality 

Aper- 
ture 

Ful- 
crum 

Name 

a    1    B 

identified  as 
oh.solcta,  1)11 
eoiiies  from 
locality  of 

t 
t>'pe 

Chincoteague 
Island,  Accomac 
County,  Virginia 

A 

- 

30 

10.8 

0.55 

0.14 

0     85 

cJiiticoteagensis 

ohsoleta 

Cricsfield,  Somer- 

set County, 
Maryland 

A 

- 

17 

11. 1 

0.55 

0.13 

0     85 

l\p('s  oi 
ohsoleta 

Xewhern,   Cra\eii 
County,  North 
Carolina 

A,  B 

5 

11.7 

0.53 

0.17 

0     85 

()l>s('l('ta 

Chocowinity, 
Beaufort  County, 
North  Carolina 

A,  B 

25 

12.4 

0.52 

0.18 

0     90 

paratxpes  of 

("oliimbia,   Rich- 

/.  (if finis 

land   County, 
South   Carolina 

B 

— 

11 

11.4 

().5fi 

0.16 

20     70 

types  of 
palustris 

St.   Stephens, 
Berkeley  County, 
South  Carolina 

B 

3 

13.7 

0.50 

0.19 

20     80 

These  populations  may  either  represent 
primary  intergrachition  lietween  T.  f.  falhi.x 
and  /.  ohsolctd,  or  lie  hybrids  between  the 
two  subspeeies.  The  faet  that  the  range  of 
their  Nariation  is  not  signifieantly  larger  than 
that  of  samples  from  either  "pure"  sub- 
species indicates  that  the  fonner  assump- 
tion is  true.  The  fact,  however,  that  inter- 
mediate populations  occur  onl\'  in  the 
south,  whereas  in  the  north  /.  fallux  and  /. 
ohsoleta  are  shari^ly  separated  from  one 
another,  indicates  hybridization  (see  p. 
192).  Because  the  amoimt  of  material  at 
hand  is  rather  small,  the  question  cannot 
be  finally  settled. 

Measured  sam])lcs  of  the  inteiinediate 
pf)pulations  come  Irom  I  lie  following  lo- 
calities: North  Carolina:  Polk  Count) 
(ANSP).  South  Carolina:  Laurens  C^ount\ 
(ANSP).    Georgia:    Hart  County  (ANSP). 


A  total  of  3  samples,  2-13  specimens  each. 
26  specimens   altogether. 

These  intermediate  populations  are  sig- 
nificant in  that  the\  demonstrate  the  con- 
specificit)-  of  /.  fallax  and  /.  ohsoleta. 

The  variation  of  Triodopsis  f.  fcdla.x.  f. 
ohsoleta,  and  i)itermediates  hetneen  them. 
Since  the  variation  of  T.  f.  ohsoleta  is  in 
several  respects  a  natural  continuation  ol 
that  of  /.  fallax.  it  is  reasonable  to  discuss 
the  variation  of  tlie  two  subspecies  to- 
gether. 

lndividu(d  eharaeters.  .\peiitire:  Ac- 
cording to  the  dc\eloi)ment  of  tlu^  aperture, 
four  phases  can  be  distinguished,  referred 
to  as  a]ieiture  grades  A,  B.  (>\  and  D  (Plate 
111).  In  grade  A.  (he  li|)  swelling  is  thin, 
the  lip  teeth  and  parietal  lamella  are  ab- 
sent or  small;  the  ujiper  lip  tooth,  when 
present,   is   slightly    receding;    the    parietal 
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lamella,  when  present,  is  short  and  straight. 
In  grade  B,  the  lip  swelling  is  moderately 
thick,  the  lip  teeth  moderately  large,  the 
upper  one  slightly  receding;  the  parietal 
lamella  is  also  moderately  large,  and  usu- 
ally broken  at  a  sharp  angle;  the  lip  teeth 
and  parietal  lamella  do  not  obstruct  the 
aperture.  In  grade  C,  the  lip  swelling  is 
thick,  the  lip  teeth  are  large,  the  upper  one 
wide  and  receding;  the  parietal  lamella  is 
large  and  angular;  these  structures  obstruct 
the  aperture  considerably.  In  grade  D,  the 
lip  swelling  is  very  thick,  the  lip  teeth  very 
large,  the  upper  lip  tooth  very  wide  and 
deeply  receding;  the  parietal  lamella  is  also 
very  large  and  angular;  the  lip  teeth  and 
parietal  lamella  seem  to  touch  or  even 
overlap  one  another  when  one  looks  into 
the  aperture.  The  variation  of  the  aperture 
grades  is  continuous.  Thus  the  numbers 
and  limits  of  the  grades  are,  to  some  ex- 
tent, arbitrary;  a  different  number  of 
grades  might  be  recognized  by  other  in- 
vestigators. 

Specimens  of  grades  A  +  B,  and  C  +  D 
commonly  occur  together  in  the  same  popu- 
lation, but  grade  B  specimens  also  may  be 
found  occasionally  in  C  +  D  populations,  or 
C  in  A  +  B.  Populations  consisting  of  A,  B, 
or  A  +  B  specimens  form  subspecies  /.  ob- 
solefa;  those  consisting  of  C,  D  or  C  +  D 
specimens,  /.  fallox;  populations  consisting 
of  B  -|-  C  specimens  constitute  the  interme- 
diates. It  might  be  noted  that  grade  B 
specimens  have  been  identified  as  liope- 
tonensis,  and  grade  A  specimens  as  obso- 
leta,  by  most  workers  in  the  field. 

Grade  A  specimens  occur  in  a  wide  zone 
along  the  seashore;  grade  B  specimens  in 
a  somewhat  higher  zone,  and  grades  C  and 
D  still  higher.  These  zones,  however,  over- 
lap widely.  The  geographic  distribution  of 
the  four  aperture  grades  thus  reflects  an 
underlying,  gradual,  change  in  the  environ- 
ment, primarily  in  elevation.  This  conclu- 
sion is  taxonomically  important,  since  it 
cautions  against  attributing  diagnostic  im- 
portance to  minor  variations  in  the  aper- 
ture. 


Fulcrum:  According  to  the  degree  of 
development,  three  types  can  be  distin- 
guished: fulcrum  absent,  small,  or  large. 
The  three  types  intergrade.  Specimens 
without  a  fulcrum  usually  belong  to  aper- 
ture grades  A  or  B,  occasionally  to  C  or  D. 
A  small  fulcrum  is  common  in  grades  C  and 
D,  rare  in  B.  A  large  fulcrum  is  common  in 
grades  D  and  C,  less  common  in  B.  Thus, 
the  development  of  the  armature  and  the 
fulcrum  is  correlated  to  some  extent.  Popu- 
lations of  specimens  without  a  fulcrum 
fonn  /.  obsoleta;  those  composed  of  speci- 
mens with  a  small  or  large  fulcrum  are 
/.  faUax;  populations  which  combine  speci- 
mens with  a  small  fulcrum  or  without  one 
are  the  intermediates. 

Specimens  without  a  fulcrum  usually  oc- 
cur near  the  seashore,  those  with  a  large 
fulcrum  in  the  higher  regions.  So  far,  the 
arrangement  is  roughly  zonal.  Specimens 
with  a  small  fulcrum  do  not,  however,  oc- 
cur zonally;  instead,  they  are  found  in 
three  isolated  groups  in  the  northern,  mid- 
dle, and  southern  parts  of  the  range.  Thus 
the  geographic  variation  of  the  fulcrum  is 
not  quite  concordant  with  that  of  the  aper- 
ture. 

Parietal  lamella:  This  may  be  (1)  .small 
and  straight,  (2)  shaqjly  angular,  (3) 
shghtly  angular,  or  (4)  arcuate  (Plate  III). 
The  small  and  straight  lamella  is  actually 
a  reduced  form  of  the  sharply  angular 
type,  of  which  only  the  distal  portion  re- 
mains. This  type  is  characteristic  of  speci- 
mens of  aperture  grade  A,  in  which  the  lip 
teeth  are  reduced  as  well.  Among  the  three 
remaining  types,  the  sharply  angular  parie- 
tal lamella  is  the  most  common;  it  prevails 
in  all  aperture  grades  except  A.  The 
slightly  angular  and  arcuate  types  are  com- 
mon only  in  a  few  southern  populations. 
This  is  possibly  caused  by  gene  flow  from 
the  southern  subspecies,  /.  alabamen.sis,  in 
which  the  arcuate  type  is  dominant.  The 
slightly  angular  types  in  these  cases  may 
be  the  product  of  the  mixing  of  the  sharply 
angular    and    arcuate    types. 

The  small,  straight,  type  occurs  in  areas 
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Figure  16.  Scatter  diagram  of  whorl  number  versus  shell  width  in  the  four  aperture  grades  of  Triodopsii  f.  lallax,  I. 
obsoleta,  and  intermediates  between  the  two  subspecies.  The  regression  lines  of  whorl  number  on  width  show  that  ap- 
erture grade  A  is  very  close  to  B,  and  C   to   D,   whereas   B  and   C    are    farther    opart.     Scale    of   width    in    millimeters. 


near  tlit'  .seashore;  tlie  sharply  anguhir  type 
prevails  elsewhere,  except  for  a  few  spots  in 
the  south  where  the  slightly  angular  and 
arcuate  types  are  also  common. 

Measured  characters.  The  shell  width  is 
correlated  witii  height,  umbilicus,  and 
whorl  number.  The  regression  lines  of 
whorl  number  to  width,  calculated  sepa- 
rately for  the  lour  aperture  grades  (Fig.  16), 
indicate  closer  relationships  l^etween 
grades  A  and  H,  and  C'  and  D,  than  be- 
tween B  and  C>'.  This  is  important  from  a 
taxonomic  standpoint  (p.  193). 

The  geographic  \ariation  of  the  mea- 
sured characters  is  irregular.  .\s  an  exam- 
ple, the  variation  of  the  whorl  to  width 
ratio  is  illustrated  (Fig.  19,  p.  197). 

CJiaracter  index:  In  the  analysis  of  T.  /. 
fallax  and  /.  oh.soleta,  character  index  A  is 
used.  This  is  based  upon  a  combination  of 
the  aperture  and  fulcrum  grades  (Table 
\TII,   p.    185).     It   would,   of   course,   haxc 


been  better  to  use  more  than  two  charac- 
ters. This  could  not  be  done,  however,  be- 
cause the  other  characters  overlap  so 
widely  that  they  would  only  confuse  the 
situation,  rather  than  clarify  it. 

The  mean  values  of  populations  in  char- 
acter index  A  vary  from  0  to  100.  Popula- 
tions with  low  mean  \alues  (/.  ohsolcta) 
are  found  near  the  Atlantic  sea  coast,  those 
with  high  \alues  (/.  fallax)  farther  inland 
(Fig.  15).  The  transition  from  low  to  high 
mc>an  \alues  is  gradual  in  the  southern  part 
of  the  range,  but  extremely  sharp  in  the 
middle  and  northern  parts. 

T\\\s  pattern  might  be  what  Iluxley  re- 
fers to  as  "widening  ol  the  Inbrid  belt" 
(  1942:  250).  .Vccording  to  this  Inpothesis, 
/.  fallax  and  /.  ohsolcta  were  isolated  from 
each  other  in  an  cnnlier  period;  recently, 
ho\\'e\('r,  the\'  re-establishcxl  contact  and 
started  to  hybridize.  The  Inbrids  are  in- 
ferior to  the  parents;  the\'  are  therehtre  se- 
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lected  against.  Since  the  hybridization  pre- 
sumably started  in  the  northern  part  of  the 
range  earHer  than  in  the  southern,  the  hy- 
brids have  been  completely  eliminated 
from  the  north,  but  still  remain  in  the 
south.  The  absence  of  the  hybrids  makes 
the  transition  in  character  index  sharp, 
their  presence  makes  it  gradual. 

This  theory  sounds  appealing,  but  it  re- 
mains mere  speculation  until  we  can  prove 
that  the  intergrading  populations  of  the 
south  are  really  hybrids,  and  that  the  hy- 
brids are  of  inferior  viability.  Unfortu- 
nately, the  available  material  is  too  limited 
for  statistical  analysis,  and  no  experiments 
have  been  done  on  the  viability  of  the  hy- 
brids. Other  possible  explanations  also  suf- 
fer from  lack  of  evidence;  thus  there  is,  at 
present,  no  satisfactory  explanation  of  the 
above  phenomenon. 

The  geographic  variation  of  character 
index  A  provides  the  foundation  upon 
which  the  classification  put  forth  in  this 
paper  rests  (Fig.  15).  It  is  argued  here 
that  only  two  taxa  should  be  separated  in 
the  fallax-obsolcta  group  (excluding  /. 
okibamensis) ,  and  the  separation  should  bo 
on  the  subspecies  level.  The  geographic 
variation  of  character  index  A  shows  two 
groups  of  populations,  one  with  low  and 
another  with  high  mean  values,  and  it  also 
shows  that  the  two  groups  intergrade  in  the 
south.  Other  evidence  comes  from  a  study 
of  the  aperture,  and  of  some  metric  charac- 
ters, such  as  whorl  number  and  width  ( Fig. 
16),  which  also  show  the  existence  of  two 
subspecies,  one  combining  aperture  grades 
A  and  B,  the  other,  C  and  D. 

The  finding  that  /.  fallax  and  /.  ohsoleta 
behave  as  subspecies  in  certain  areas  of  the 
range,  and  as  distinct  species  in  others, 
is  of  great  theoretical  interest,  since  it 
shows  that  isolating  mechanisms  between 
two  populations  can  develop  at  different 
rates  in  different  parts  of  the  range.  The 
populations  involved  are  actually  neither 
species  nor  subspecies,  but  intermediate. 


Triodopsis   fallax   alabamensis   (Pilsbry) 
Plate  IM:  9,  14,  15 

Polijgijra  cilahamcnsi.s-  Pilsbry,   1902,   Nautilus   16: 
30.    Elannillc,  Barbour  County,  Alabama. 

Definition.  Triodopsis  f.  alabamensis 
corresponds  to  T.  vannostrandi  alabamensis 
of  earlier  authors.  It  contains  those  popu- 
lations of  the  species  which  have  mean 
values  of  20-40  in  character  index  B.  The 
chart  used  in  computing  character  index 
B  is  shown  in  Table  VIII  (p.  185). 

Description.  Shell  width  8.6-13.1  mm; 
height  4.9-7.5  mm,  height  to  width  ratio 
0.4S-0.66;  umbilicus  1.2-3.0  mm,  umbilicus 
to  width  ratio  0.12-0.24;  number  of  whorls 
5.1-7.0,  whorl  to  width  ratio  0.49-0.68;  em- 
bryonic whorls  1.4-1.5,  nearly  smooth  to 
finely  striated;  subsequent  whorls  with  in- 
creasingly stronger  striae;  last  whorl  with 
3-4  strong  striae  per  millimeter;  aperture 
square  to  trapezoid,  slightly  depressed;  lip 
swelling  medium  thick,  marginal,  thus  edge 
of  aperture  swollen;  lip  teeth  medium 
large,  upper  lip  tooth  slightly  receding; 
lower  lip  tooth  marginal;  parietal  lamella 
arcuate  or  slightly  or  sharply  angular;  no 
projection  on  face  of  lower  lip  swelling. 

Differential  diagnosis.  Triodopsis  f.  ala- 
bamensis is  distinguished  from  /.  fallax  and 
/.  obsoleta  by  its  tighter  coiling,  square 
aperture,  and  swollen  peristome.  The  lat- 
ter two  subspecies  have  looser  coiling,  an 
auriculate  aperture,  and  a  sharp  peristome. 
From  T.  c.  cragini,  another  similar  form,  it 
is  separated  by  its  greater  number  of 
whorls,  and  its  smaller  and  less  broad  up- 
per lip  tooth. 

Distribution.  Triodopsis  f.  alabamensis 
occurs  in  eastern  Alabama  and  northern 
Georgia  ( Fig.  17 ) .  It  is  also  known  from 
Danville,  Pittsylvania  County,  Virginia, 
collected  by  Hubricht  (misidentified  as  T. 
/.  affinis).  There  is  a  sample  of  /.  alabam- 
ensis in  the  collection  of  the  ANSP  from 
Jackson  County,  Texas,  identified  as  T. 
cragini  (ANSP  186723,  collected  by  Cheat- 
um ) .  If  my  identification  is  correct,  this 
locality  is  erroneous.  Only  T.  c.  copei  and 
T.  c.  eraginl  occur  in  Texas. 
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The  measured  material  comes  from  the 
following  localities:  Virginia:  Pittsylvania 
Comity  (ANSP).  Georgia:  Habersham, 
Greene,  Coweta,  and  Muscogee  counties 
(MCZ).  Alabama:  Randolph,  Chambers, 
Lee  ( 2  samples ) ,  Elmore,  and  Shelliy  coun- 
ties (ANSP);  Cherokee,  Lee,  Macon,  and 
Dale  counties  (MCZ).  A  total  of  15  sam- 
ples, 2-27  specimens  each,  144  specimens 
altogether. 

Ecology.  Triodopsis  f.  alahamensis  oc- 
curs in  mixed  oak-pine  and  southeastern 
evergreen  forests.  In  elevation,  it  ranges 
from  a  few  hundred  to  about  1500  feet. 
Neither  the  plant  associations  nor  the  ele- 
vation play  a  major  role  in  determining  the 
distributional  borders  of  the  subspecies,  ex- 
cept in  the  northwest,  where  the  subspecies 
border  closely  follows  the  boundaries  of 
the  mixed  oak-pine  forests. 

Variation.  The  aperture  shows  moderate 
variation.  The  lip  teeth  of  most  specimens 
correspond  in  size  to  those  of  aperture 
grade  B  of  the  /.  fallax-f.  ohsoleta  group. 
Occasional  specimens  with  smaller  lip  teeth 
also  occur.  The  fulcrum  is  absent,  except 
in  a  single  specimen  from  Auburn,  Lee 
County,  Alabama,  which,  incidentally,  is 
the  type  locality  of  the  subspecies.  The 
occurrence  of  a  specimen  with  a  fulcrum  at 
this  locality  is  probably  due  to  "introgres- 
sion. ' 

The  parietal  lamella  may  be  arcuate, 
sharply  angular,  slightly  angular,  or  small 
and  straight.  The  frequencies  of  these  types 
are  39,  22,  26,  and  13  per  cent,  respectively. 
The  arcuate  type  is  somewhat  more  fre- 
quent in  the  southern  areas  than  in  the 
northern. 


Among  the  measured  characters,  shell 
width  is  correlated  with  height,  umbilicus, 
and  whorl  number.  All  characters,  includ- 
ing the  graded  ones,  show  irregular  geo- 
graphic variation;  in  a  small  area  like  that 
of  /.  alahamensis  one  cannot  really  expect 
any  trend  in  geographic  variation  to  de- 
velop. 

Systematics.  Triodopsis  f.  alahamensis 
was  originally  ranked  by  its  author  as  a 
full  species.  The  same  investigator  later 
ranked  it,  however,  as  a  subspecies  of  T. 
vannostrandi  (Pilsbry,  1912).  This  was  a 
bad  move,  since  vannostrandi  is  a  hybrid 
between  alahamensis  and  /.  fallax  or  /.  oh- 
soleta, and  is,  therefore,  an  invalid  name. 
Correctly,  we  should  combine  alahamensis 
with  fallax,  since  they  freely  hybridize. 
Evidence  for  this  statement  is  given  below. 

Hybrid  populations  between  f.  alahamensis 
and  the  f.  fallax-f.  obsoleta  group 
Plate  III:  8,  12,  13 

Populations  from  the  transitional  zone 
between  /.  alahamensis,  f.  fallax,  and  /.  oh- 
soleta have  mean  values  of  45-65  in  char- 
acter index  B;  that  is,  values  intermediate 
between  those  of  /.  alahamensis  (20-40) 
and  /.  fallax  or  /.  ohsoleta  (70-90).  One 
population  from  Blountstown,  Calhoun 
County,  Florida,  with  a  mean  value  of  70, 
is  also  listed  among  the  intermediate  popu- 
lations, because  of  its  geographic  position. 

These  samples  are  considered  hybrids 
between  /.  alahamensis  and  the  /.  fallax-f. 
ohsoleta  group.  This  view  is  supported  by 
the  facts  that  they  are  morphologically  and 
geographically  intermediate,  and  their  var- 
iation is  greater  than  that  of  samples  taken 


Figure  17.  Distribution  and  the  geographic  variation  of  character  index  B  of  Triodopsis  fallax.  Thick,  dashed  line  sep- 
arates the  ranges  of  f.  lallax,  t.  obsoleta,  and  intermediates  between  the  two  subspecies;  thick,  solid  line  surrounds 
the  range  of  f.  alabamensis  and  hybrid  f.  alahamensis  X  (■  fallax  or  f.  obsolefa  or  intermediates  between  the  latter 
two  subspecies.  Parallel,  thin  lines  indicate  a  transect;  thin,  dashed  lines  are  state  boundaries.  AFF.,  type  locality  of 
alfinis;  CHI.,  c/i/ncofeogens/s;  OBS.,  f.  obsoleta;  PAL.,  palustris  (these  four  forms  are  all  combined  in  f.  obsoleta]. 
FAL.,  f.  fallax;  ALA.,  f.  alabamensis.  CHA.,  char/estonens/s;  GON.,  goniosoma;  MES.,  messana;  VAN.,  vannostrandi 
(these  four  forms  are  oil  considered  hybrid  f.  alabamensis  X  f-  fallax  or  f.  obsoleta  or  intermediates  between  the  lat- 
ter two  subspecies).  Numbers  are  mean  values  of  samples  in  character  index  B.  Samples  of  f.  alabamensis  range  from 
20   to   40,    hybrid,    45-65,    f.    fallax    and    /.    obsoleta,    70-90,    intermediate    between    the    latter    two    subspecies,    70-75. 
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Figure  18.  Character  index  B,  histogram  of  samples  of  Tr/odops/s  lallax.  Short  line  on  top  of  column  indicates  mean 
value  of  sample.  The  histograms  of  many  hybrid  samples  are  strongly  skewed,  those  of  the  parental  ones,  normal  or 
slightly  skewed.  The  hybrid  samples  have  a  wider  range  of  variation  than  do  the  parental  samples.  Samples  of  f. 
o/obomens/s  also  have  a  somewhat  wider  variation  than  do  those  of  /.  lallax  or  f.  ofaso/efo.  Scale  in  character  index 
units.     The   abbreviations   stand    for   the   states   where   the   samples    hove    been    colle:ted. 


from  either  ol  the  putatixe  parents  (Figs. 
4,  18,  26,  27). 

The  liybrid  origin  of  tlie  intermediate 
populations  is  lurther  supportc>d  ])y  tlie 
hiet  that  the  lnl)rid  zone  does  not  eoineide 
with  obvious  ehanges  in  ecologieal  hietors, 
such  as  vegetation,  elevation,  temperature, 
humidity,  or  soil. 

IIy])rid  populations  have  been  mca.siircd 
from  the  h)ll()\\'ing  localities  ( I' ig.  17): 
Sorth  Carolina:  Wilkes  and  (Jolumbus 
counties  (ANSP).  Tennessee:  Campbell 
County  (ANSP).  SoutJi  Carolina:  Creen- 
ville  County  (MCZ);  Aiken  (2  samples), 
Bamberg,    Marion,   Charleston,    and    Beau- 


fort counties  (ANSP).  Geor<iia:  Clarke, 
Bibb,  and  Baker  counties  (MCZ).  Ala- 
bama: Jackson  County  (MCZ);  DeKalb 
and  Jefferson  counties  (ANSP).  Florida: 
Alachua  and  Calhoun  counties  (ANSP).  A 
total  of  18  samples,  1-30  specimens  each, 
162  specimens  altogether. 

The  hybridization  of  /.  alah(n)iensis  w  ith 
/.  fallax  and  /.  ohsolcta  has  several  impor- 
tant effects  on  the  taxonomy  and  nomen- 
clature of  the  group,  i'irst,  tlu>  iormer  T. 
alahamensis  must  be  considered  conspe- 
cific  with  /.  fallax  and  /.  ohsoleta.  Second, 
the  name  vaimosfrandi  alahamensis  must 
be   c-hanged    (o  fallax   alahamciisis.    Third, 
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Figure  19.  Geographic  variation  of  whorl  to  width  ratio  in  Triodopsis  fallax.  Thick,  solid  line  separates  the  range  of 
(.  fallax  and  f.  obso/eto  from  that  of  hybrid  f.  alabamensis  X  f-  fallax  or  f.  obsoleta  or  intermediates  between  the 
latter  two  subspecies;  thick,  dashed  line  separates  the  hybrids  from  I.  alabamensis.  Numbers  without  o  circle  are  mean 
values  of  samples  in  whorl  to  width  ratio;  the  samples  of  f.  fallax  range  from  0.41  to  0.51;  f.  obsoleta,  0.42-0.48; 
intermediate,  0.46-0.50;  hybrid,  0.47-0.58;  I.  alabamensis,  0.53-0.64.  The  variation  of  the  character  is  irregular  in  all 
taxa.  Numbers  encircled  refer  to  forest  types  (terminology  after  Fenneman,  1938):  one,  mainly  coniferous  forest;  two, 
beech,  birch,  maple;  four,  chestnut,  chestnut-oak,  poplar;  five,  oak  and  pine;  six,  cypress,  tupelo,  red  gum,  river  bottom 
forest;  seven,  prairie  grassland  with  wooded  valleys;  eight,  southeastern  pine  forest;  nine,  marsh  grassland.  Notice  the 
"straits"  of  deciduous  forests,  chestnut,  chestnut-oak,  and  poplar,  between  the  "islands"  of  mainly  coniferous  forests; 
the  former  provided  convenient  routes  of  dispersal  for  several  species  of  Triodopsis  (p.  167).  Elevation:  500- 
foot   contour    line; 1000-foot; 1500-foot.     Other   symbols   and    abbreviations   as    in    Figure    17. 
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the  names  previously  given  to  the  hybrid 
populations  must  not  be  used.  There  are 
five  such  names: 

Helix  hopctoncnsis  Shiittleworth,  1852, 
Mitt.  Naturforsch.  Ges.  Bern  No.  248:  198. 
Hopeton,  near  Darien,  Georgia.  Cotype 
MCZ  18225. 

Helix  vannost ranch  Bland,  1875,  Ann. 
Lye.  Nat.  Hist.  New  York  11:  200.  Aiken, 
Aiken  County,  South  Carolina.  Tvpe  not 
seen.    Topotypes  ANSP  57196  and  86104. 

Pohj^yra  falhix  subsp.  ^onio.soina  Pilsbry, 
1912,  Nautilus  26:  80.  In  oak  and  pine- 
woods,  Blountstown,  Calhoun  County,  Flor- 
ida.   Type  ANSP  77948. 

Poh/iiyra  hopctoncnsis  var.  charJcstoncn- 
■sis  Mazyck,  1913,  Contrib.  Charleston  Mus. 
11:  7.  Charleston,  Charleston  County, 
South  Carolina.   Type  ANSP  106850. 

Triodopsis  mcssana  Hubricht,  1952,  Nau- 
tilus 65:  80.  Whiteville,  Columbus  County, 
North  Carolina.  Holotype  ANSP  187456, 
l)aratypes  187455. 

Hubricht  (1953,  //)  lift.)  states  that  faJ- 
lax,  hopctoncnsis,  ohsoJcta  and  ahhamcn- 
sis  are  separate  species,  isolated  from  one 
another  by  "geographical  and  ecological" 
factors  or  by  a  difference  in  the  breeding 
season,  and  only  hybridize  where  their 
natural  habitats  have  been  destroyed.  He 
also  stated  that  hybrid  populations  are 
only  found  in  "disturbed"  habitats,  like  va- 
cant lots.  From  these  observations  he  con- 
cluded that,  "Prior  to  the  coming  of  the 
white  man  to  America,  it  is  doubtful  if 
they  ever  hybridized." 

On  the  distributional  map  of  thc>  group 
(Figs.  15,  17)  one  cannot  see  any  obvious 
geographic  barrier-  b(tw(>cn  /.  fuUax  and 
/.  ohsoh'ta  or  /.  (ihiJ)amcnsis.  Hubricht  also 
hiilcd  to  tell  where  they  are  supposed  to 
be.  Ecological  isolation  may  exist  between 
/.  fallax  and  /.  ohsolcta,  but  it  is  unlikely 
between  these  and  /.  alahamcnsis  .  The  hy- 
brid populations  occur  not  only  in  dis- 
turbed habitats,  but  also  in  relati\cl\  un- 
disturbed ones,  such  as  national  forests 
and  state  parks.  In  such  habitats,  "pure" 
populations  are  found  outside  of  the  h\  brid 


zone.  Furthermore,  it  is  unlikely  that  habi- 
tat disturbance  would  occur  only  in  the 
Georgia-Carolina  region,  where  hybrids  are 
found,  and  not  in  the  Maryland-Washing- 
ton-\^irginia  region,  where  /.  fallax  and  /. 
ohsolcta  are  sharply  separated  from  one 
another.  For  all  of  these  reasons,  it  seems 
doubtful  to  me  that  habitat  disturbance  is 
the  only  or  even  the  major  factor  in  the 
hybridization  of  the  fallax  group,  although 
it  may  have  helped  to  facilitate  it. 

Evolutionary  relationships.  Triodopsis  f. 
fallax  is  most  closely  related  to  /.  ohsolcta. 
Triodo})sis  f.  alahamcnsis,  judged  on  a 
morphological  basis,  was  separated  from 
the  fallax-ohsolcta  stock  a  long  time  ago; 
it  has  failed,  however,  to  achie\'e  reproduc- 
tive isolation,  and  is  therefore  presently 
merging  with  this  stock. 

Summary.  ( 1 )  Triodopsis  fallax  consists 
of  three  subspecies:  /.  fallax,  f.  ohsolcta 
and  /.  alahamcnsis.  The  first  corresponds 
to  T.  fallax  of  contemporary  authors.  The 
second  combines  the  fonner  hopctoncnsis 
ohsolcta,  h.  chincotcagcnsis,  fallax  af finis 
and  palustris.  The  third  corresponds  to  the 
former   vannostrandi  alahamcnsis. 

(2)  Triodopsis  f.  fallax  and  /.  ohsolcta 
intergrade  in  the  southern  part  of  the  range, 
but  are  sharply  separated  elsewhere  (this 
may  be  the  phenomenon  referred  to  as 
"widening  of  the  h\brid  belt").  Because  of 
this  intergradation,  fallax  and  ohsolcta  are 
considered  conspecitic;  they  both  freely 
hybridize  with  /.  alahamcnsis — a  proof  of 
conspecificity  with  that  form.  Habitat  dis- 
turbance by  man  probabh'  did  not  play  a 
major  role  in  initiating  the  hybridization. 

(3)  Judged  In'  its  hea\\"  armature,  /.  fal- 
lax appears  to  be  a  moimtain  snail;  in  fact, 
liowt'xer,  it  occurs  at  relatively  low  eleva- 
tions. The  reason  lor  this  anomalous  distri- 
bution is  not  known. 

(4)  Triodopsis  f.  fallax  and  /.  ohsolcta 
are  ecologiealh'  exclusive  of  T.  tridcntata 
and  7'.  /.  jnxlidcns. 

(5)  The  geographic  \-ariation  of  most 
characters  is  irregular  in  all  three  subspe- 
cies.   The  aperture  \aries  elinally.  however, 
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Table  X 
Chart  for  Computing  Character  Index  for  Triodopsis  copei.   Method  of  Calculation:  a  Speci- 
men Having  a  Width  of  14.5  mm,  an  Umbilicus  of  3.5  mm,  a  Whorl  to  Width  Ratio  of  0.42,  an 
Aperture  Grade  D,  and  a  Large  Fulcrum  Scores   (50  +  30  +  40  +  40  +  40)/2  =  100,  the  Maxi- 
mum Possible  Score. 


Width 

Whorl  to 

Aper- 

Ful- 

IN 

Umbili- 

WIDTH 

ture 

crum 

Score 

MM 

cus  IN  MM 

RATIO 

GRADE 

GRADE 

0 

7.7-8.2 

1.1-1.4 

0.58-0.60 

B 

none 

c.  cragini 

5 

8.3-8.7 

1.5-1.8 

0.56-0.57 

^ 

10 

8.8-9.3 

1.9-2.2 

0.54-0.55 

B-C 

questionable 

15 

9.4-9.9 

2.3-2.5 

0..52-0.53 

20 

10.0-10.5 

2.6-2.8 

0.50-0.51 

C 

small 

25 

10.6-11.1 

2.9-3.2 

0.48-0.49 

30 

11.2-11.7 

3.3-4.0 

0.46-0.47 

35 

11.8-12.2 

0.44-0.45 

40 

12.3-12.8 

0.41-0.43 

D 

large 

45 

12.9-13.4 

4' 

50 

13.5-14.5 

c.  copei 

from  /.  fallax  to  /.  ohsolcta,  and  this  cline 
corresponds  to  gradual  changes  in  the  en- 
vironment, primarily  in  elevation.  There  is 
no  clinal  variation  in  Tviodopsis  f.  alaham- 
cnsis. 

(6)  Triodopsis  f.  faUa.x  and  f.  ohsoleta 
are  very  close  relatives.  Long  ago,  presum- 
ably, Triodopsis  f.  alahametisis  split  away, 
but  is  presently  fusing  with  them. 

Triodopsis  copei  (Wetherby) 

The  name  Triodopsis  copei  supersedes 
the  more  commonly  used  T.  vulttiosa,  for 
reasons  to  be  explained  below.  Two  hy- 
bridizing subspecies  belong  to  the  species: 
c.  copei  and  c.  cragini. 

Triodopsis  copei  copei  (Wetherby) 
Plate  IN:  20 

Helix  copei,  or  H.  vultuosa  var.  copei  Wetherby, 
1878,  Amer.  Nat.  12:  185.  Twenty  miles  north 
of  Beaumont,  Jefferson  County,  Texas.  Types 
ANSP  57222  and  82316. 

Definition.  Triodopsis  c.  copei  is  the 
former  T.  vultuosa  copei.  The  populations 
that  belong  to  this  subspecies  have  mean 
values  of  7.5-100  in  character  index.  The 
method  of  computing  character  index  is 
described  in  Table  X. 

Description.  Shell  width  11.5-14.5  mm; 
height  6.1-7.5  mm,  height  to  width  ratio 


0.48-0.60;  umbilicus  1.9—4.0  mm,  umbilicus 
to  width  ratio  0.17-0.28;  number  of  whorls 
5.3-6.0,  whorl  to  width  ratio  0.41-0.50;  em- 
bryonic whorls  1.4-1.5,  with  faint  striation 
below  suture;  striation  becoming  more  pro- 
nounced on  later  whorls,  3-5  striae  per  mil- 
limeter on  last  whorl;  intervals  of  striae 
without  papillae;  aperture  trapezoid, 
square,  oval,  or  rarely  auriculate;  lip  swell- 
ing thick  and  marginal  or  very  slightly  re- 
ceding, therefore  edge  of  aperture  swollen; 
upper  lip  tooth  very  broad  and  deeply  re- 
ceding, lower  lip  tooth  moderately  large 
and  marginal,  often  buttressed  on  its  left 
side;  parietal  lamella  large  and  angular; 
fulcrum  moderate  to  large;  moderate  to 
large  projection  on  face  of  lower  lip. 

Differentia]  diagnosis.  Triodopsis  c.  copei 
is  very  similar  to  T.  f.  fallax.  The  best  dis- 
tinction between  them  is  that  c.  copei  has 
a  swollen  peristome  and  a  moderate  to 
large  projection  on  the  lower  lip,  whereas 
/.  fallax  has  a  sharp  peristome  and  a  small 
projection. 

Distribution.  Triodopsis  c.  copei  is  known 
only  from  a  limited  area  in  southeastern 
Texas  (Fig.  20).  Its  range  is  separated  by 
a  gap  of  several  hundred  miles  from  that 
of  the  related  species  T.  fallax.  The  mea- 
sured material  comes  from  the  following 
localities:    Texas:    Anderson,  Houston,  An- 
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,3     HYBRID    C.COPEI  X 
C.  CRAGINI 


Figure  20.  Distribution  and  the  geographic  variation  of  the  character  index  in  Triodopsis  cope/.  Thick,  solid  line  sur- 
rounds the  range  of  c.  cragini,  c.  cope/,  and  hybrid  c.  cragini  X  c.  cope/.  COP,  type  locality  of  c.  cope/;  CRA,  c. 
cragini;  HEN,  henrietlae;  VUL,  vu/fuoso;  the  latter  two  forms  are  considered  hybrid  c.  cragini  X  c-  cope/.  Numbers 
without  a  circle  are  mean  values  of  samples  in  character  index;  samples  of  c.  cragini  range  from  5-35,  hybrid,  40-70, 
c.  cope/,  75-100.     Other  symbols    refer  to  elevation,   forest  types,    and    state    boundaries,    as    explained     in     Figure    3. 
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gelina,    and    Jefferson    counties     (ANSP);  large  and  angular;  fulcrum  usually  absent, 

Robertson   County    ( MCZ ) .    A   total   of  5  small  if  present;  projection  on  face  of  lower 

samples,  2-7  specimens  each,  16  specimens  lip  small  or  absent, 

altogether.  Differential  diapiosis.  Triodopsis  c.  crag- 

EeoJoiS,!/.    Triodopsis  c.  eopei  occurs  pre-  ini  is  easy  to  distinguish  from  T.  c.  copei 

dominantly    in    oak-pine    and    southeastern  because  its  shell  is  smaller  and  more  tightly 

evergreen  forests,  but  it  also  penetrates  the  coiled,   and  its   armature   is   weaker.    It  is 

oak-hickory    forests    and    grasslands    (Fig.  more  difficult  to  distinguish  from  T.  /.  ob- 

20).    It   ranges   from   roughly   100   feet  to  solcta  or  /.  (dahamensis.   It  is  differentiated 

about  500  feet  elevation.    This  is  very  re-  from  the  former  by  its  square  to  rounded 

markable,   in  view  of  the   fact  that  it  has  aperture  and  higher  whorl  to  width  ratio; 

the  large  lip  teeth  and  parietal  lamella  of  from  the  latter  it  differs  in  having  fewer 

a    "mountain"    snail.     I    cannot    offer    any  whorls  and  a  broader  upper  lip  tooth.    If 

satisfactory   explanation    for   this    anomaly,  we  recall  that  T.  c.  copci  resembles  T.  /. 

Systematies.  Triodopsis  e.  copei  was  orig-  faJlax,  a  parallelism  between  T.  copei  and 

inally  described  as  a  full  species  or  a  vari-  T.  faUax  becomes  evident.  Both  have  evolved 

ety     of    vidtuosa.      Subsequently,     it    was  a    large    subspecies   with   heavy    armature, 

ranked  as  either  a  variety  or  a  subspecies  and  one  or  two  small  subspecies  with  light 

of  vidtuosa.   The  type  population  of  vtdtti-  annature 

osa  is,  however,   a  hybrid  between   copei  Distribution.     Triodopsis   c.    cra<^ini   oc- 

and  cmgini,  the  xr^me  vidtuosa,  therefoi-e,  ^,^„.^  -^^  ^  ^^^^^.^^^,  l^^^^j  ^^^^^^^^^^  ^^^^^^^  ^^^^^^^ 

should  not  be  used,     llie  oldest  available  .    ^             jt--                  li-i/^i 
r        1              .11                          .to  lexas  and  Louisiana,  avoidmg  the  Ozark 

name  lor  the  species  thus  becomes  copei,  ^^       ^  .        ,-^.      ^^>      t     t-          ... 

J  ^^      c                 u                   -1  Mountains   (Fig.  20).    In  Texas  it  is  con- 

and  the  tormer  vidtuosa  copei  becomes  c.  .                -in?                . 

tiguous  with   1 .  c.  copei. 

copei.  ^                                   '                     ,•           1 

The  measured  material  comes  from  the 

Triodopsis  copei  cragini  Call  following  localities:  Kan.sa.s:  Neosho  County 

Plate  III:  16-18  (MCZ).    Oklahoma:    Craig,  Tulsa,  Musko- 

rr  ■  J      ■          •     ,o  11   loor.  r)  11   A,r    n         ^  i  g^c,  Pittsburgh,  and  Pushmataha  counties 

Tnorfopm  cragnu  Call,  1886,  Bull.  Washburn  Col-  .^-Ijc^-r,.       .7                 t.   11     ^1     1           iii,.n 

lege  Lab.  Nat.  Hist.  1:  202,  fig.  5.    Banks  of  (ANSP).  Arkansas:  Polk,  Clark,  and  Miller 

Chetopa  Creek,  Thayer,  Neosho  County,  Kansas.  counties      (ANSP).       Louisiana:       Bienville 

Type  MCZ  3123;  paratypes  MCZ  3124.  and    Vernon    counties    (MCZ);    De    Soto 

Definition.    Triodopsis  c.   cragini  is  the  County  (ANSP).    Texas:    Cass  and  Wood 

former  T.  cragini.  It  comprises  those  popu-  counties  (ANSP);  Smith  and  Hardin  coun- 

lations  of  the  species  with  mean  values  of  ties   (MCZ).    A  total  of  16  samples,  2-12 

0-30  in   character  index.    The  method   of  specimens   each,   83  specimens   altogether, 

computing    character    index    is    shown    in  The     record     from     Muskogee     County 

Table  X  (p.  199).  (ANSP  4718,   Brown   Collection)    may  be 

Description.     Shell   width   7.7-10.8   mm;  erroneous.    These  specimens  have  a  much 

height  3.7-6.7  mm,   height  to   width   ratio  smaller   and    flatter   shell   than    any    other 

0.48-0.67;  umbilicus  1.1-2.0  mm,  umbilicus  specimen   of   c.    cragini   seen.     They   look 

to  width  ratio  0.13-0.19;  number  of  whorls  much  like  hybrid  specimens  between  T.  f. 

4.3-5.5,  whorl  to  width  ratio  0.47-0.60;  em-  alabamensis  and  /.  faJIax  or  /.  ob,solcta  from 

bryonic  whorls  1.4-1.5,  feebly  striated  be-  Alabama.  Also,  there  is  a  Muscogee  County 

low  suture,  smooth  elsewhere;  striation  be-  in  the  neighboring  state  of  Georgia.    Only 

coming  more  pronounced  on  later  whorls,  two    specimens     are     available,     however, 

4-5  striae  per  millimeter  on  last  whorl;  ap-  which  does  not  permit  a  certain  identifica- 

erture    squarish    to    rounded;    lip    swelling  tion.   For  this  reason  I  tentatively  included 

moderately    thick;     lip    teeth    moderately  this  sample  in  c.  cragini. 
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Ecologij.  Triodopsis  c.  cragini  inhabits 
oak-hickory,  oak-pine,  and  southeastern 
evergreen  forests  seemingly  without  any 
preference  (Fig.  20).  A  few  locaUties  fall 
in  the  grasslands.  It  is  possible,  however, 
that  these  localities  also  lie  in  small  patches 
of  woods  that  do  not  show  up  on  the  large 
scale  map  used  here.  Triodopsis  c.  cragini 
is  found  between  about  100  and  1000  feet 
elevation.  It  is  remarkable  that  it  is  found 
at  higher  elevations  than  c.  copci  because 
T.  c.  copei  has  the  appearance  of  a  moun- 
tain snail,  whereas  c.  cragini  does  not.  No 
explanation  is  known  for  this  "reversed" 
distribution    (p.  239). 

Sijstematics.  Triodopsis  c.  cragini  was 
described  as  a  full  species.  Subsequently, 
it  was  considered  either  a  variety  of  vidtii- 
osa  (Singley,  1893),  or  a  synonym  of  copei 
(Binney,  1890).  Finally,  its  specific  status 
was  restored  (Pilsbry,  1901,  1940),  on  the 
grounds  that  it  differs  from  vidtuosa  by  its 
smaller  size,  lack  of  fulcrum,  and  lack  of 
the  projection  on  the  lower  lip,  and  because 
Pilsbry  believed  there  was  no  intergradation 
between  them.  As  shown  below,  however, 
intergradation  does  occur.  The  specific 
status  of  cragini  is  therefore  not  warranted; 
correctly,  we  should  consider  it  a  subspecies 
conspecific  with  copei.  Thus  the  name  used 
ill  this  paper:    T.  cojx'i  cragini. 

Hybrid    populations   between    Triodopsis   c. 
copei  and  c.  cragini 
Plate  III:  19 

Some  populations  are  inUnnediate  be- 
tween T.  c.  co))ci  and  c.  cragini  in  moiph- 
ological  characters.  This  is  expressed  by 
their  mean  values  in  character  index,  which 
vary  between  40  and  70.  ( The  mean  values 
of  c.  cragini  range  from  5  to  35,  thos(^  of 
c.  copei  from  75  lo  100.) 

Such  populations  are  known  from  the 
following  localities:  Texas:  Freestone, 
Milan,  Lee,  Bexar,  and  Harrison  counties 
(ANSP);  Tyler  County  (MCZ).  A  total  of 
6  samples,  2-21  specimens  each,  55  speci- 
mens altogether.    The  localities  li(^  mainly 


in  forested  area,  between  100  and  500  feet 
elevation  (Fig.  20).  However,  one  of  the 
non-measured  samples  comes  from  "fields 
along  top  of  hill  .  .  .  near  entrance  of  ship 
channel  into  Galveston  Bay"  (ANSP  187- 
087). 

The  variation  in  character  index  of  the 
intermediate  populations  is  about  normal, 
except  for  the  population  from  Freestone 
County,  which  has  much  wider  variation 
than  any  other  sample  of  the  species.  On 
this  basis,  the  former  samples  appear  to  be 
primary  intergrades,  the  latter  one  a  sec- 
ondary intergrade  or  hybrid.  It  seems  un- 
likely, however,  that  such  a  dual  explana- 
tion could  be  true.  It  is  more  probable,  for 
several  reasons,  that  all  intermediate  popu- 
lations are  hybrids.  First,  there  is  great 
similarity  between  the  distributional  pat- 
tern of  T.  copei  and  the  related  species,  T. 
falkix.  In  both  species,  the  intennediate 
populations  surround  the  southern  subspe- 
cies (Figs.  17  and  20).  Presumably,  the 
evolutionary  history  of  the  t^^'0  species  is 
similar.  Since  the  intergrades  are  hybrids 
in  fallax,  they  may  be  hybrids  in  copci, 
also.  Second,  it  is  difficult  to  see  how  pri- 
mary intergradation  ( variation )  could  ex- 
plain the  occurrence  of  intermediate  popu- 
lations around  the  range  of  c.  copei.  Immi- 
gration of  6".  cragini  into  the  peripheral 
zone  of  the  range  of  c.  co))ci,  and  subse- 
(juent  hybridization,  explains  this  pattern 
l)ctter.  Third,  the  existence  of  a  sharp  char- 
acter gradient  bet^^'een  c.  copei  and  c. 
cragini  also  indicates  secondary  intergrada- 
tion, as  discussed  in  more  detail  below. 

Not  all  intermediate  populations  show 
increased  variation;  this  can  be  attributed 
to  the  fact  tliat  the  populations  a\"ailabl(> 
lor  comparison  are  too  small.  Character 
displacemcMit  cannot  explain  the  existence 
and  distribution  of  the  intermediate  popu- 
lations, becansc-  r.  copei  and  c.  cragini  do 
not  ON'crlap.  Because  they  demonstrate  the 
eonspecificit\'  ol  copci  and  cragini,  these 
intermediate  populations  are  ol  great  sig- 
niHeanc(\ 
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The  paratype  specimen  of  mdtuosa} 
closely  approximates  the  hybrid  specimens. 
The  available  specimens  of  another  recog- 
nized fomi,  Jjcniictfae,-  also  seem  to  be 
hybrids.  It  is  proposed,  therefore,  that 
these  names  be  no  longer  used,  and  that 
the  name  of  the  species  under  discussion  be 
changed  from  vuJtuosa  to  copei. 

Variation  in  Triodopsis  copei.  As  T.  c. 
copci  and  c.  cra<i.ini  are  within  the  same 
spectrum  of  variation,  it  is  justified  to  dis- 
cuss them  together  in  this  section. 

Aperture:  Three  grades  of  aperture  can 
be  distinguished  according  to  the  degree  of 
development  of  the  armature.  These  are 
referred  to  as  aperture  grades  B,  C,  and  D. 
Aperture  grade  A  was  omitted,  because 
specimens  comparable  to  grade  A  of  T.  fal- 
lax  (very  weak  armature)  do  not  occur  in 
this  species,  and  it  is  desirable  to  keep  the 
nomenclature  consistent.  Specimens  of  ap- 
erture grade  B  have  a  moderately  thick  lip 
swelling,  moderately  large  lip  teeth  and 
parietal  lamella,  and  a  narrow  to  moder- 
ately broad  upper  lip  tooth  (Plate  III). 
The  lip  teeth  and  parietal  lamella  do  not 
obstruct  the  aperture.  The  lip  swelling  in 
grade  C  is  thicker,  the  lip  teeth  and  parietal 
lamella  larger,  and  the  upper  lip  tooth 
broader  than  in  grade  B,  and  these  struc- 
tures obstruct  the  aperture  to  a  degree.  In 
grade  D,  the  lip  swelling  is  thick,  the  lip 
teeth  and  parietal  lamella  very  large,  and 
the  upper  lip  tooth  very  broad;  the  aper- 
ture is  greatly  obstructed.  Intergradation 
between  the  various  grades  occurs. 

In  a  given  population  usually  only  one 
grade  is  found,  but  in  some  cases  B  mixes 
with  C,  or  C  with  D.  Populations  made  up 
solely  of  grade  B  specimens  are  classified 
as  c.  cragini,  B  -f  C  populations  as  c.  cragini 

^  Helix  vuJtuosa  Gould,  1848,  Proc.  Boston  See. 
Nat.  Hist.  3:  39.  As  type  locality,  Gould  gave 
"Arkansas  and  Texas."  The  examined  paratype, 
ANSP  187539,  is  most  similar  to  specimens  from 
Houston,  Harris  County,  Texas.  On  this  basis 
the  type  locality  is  here  restricted  to  Houston. 

-Helix  (Triodopsis)  henriettae  Mazyck,  1877, 
Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  297.  "East- 
ern Texas."   Type  not  seen. 


or  hybrid,  C  as  hybrid,  C  -I-  D  as  hybrid  or 
c.  copei,  and  D  populations  as  c.  copei. 
The  final  decision  in  the  case  of  the  B  +  C 
and  C  +  D  populations  is  based  on  other 
characters. 

Aperture  grade  B  occurs  predominantly 
in  the  northern  and  eastern  parts  of  the 
range,  D  in  the  center  of  the  southern  part 
of  the  range,  and  C  around  the  latter. 
This,  of  course,  corresponds  to  the  distri- 
bution of  the  two  subspecies  and  the  hy- 
brids. 

Fulcrii?7i:  This  may  be  large,  small,  or 
absent.  Tlie  absence  of  a  fulcrum  is  a  char- 
acteristic of  specimens  of  aperture  grade 
B,  a  small  fulcrum  of  grade  C,  and  a  large 
fulcrum  of  D.  Occasionally,  however,  a 
small  fulcrum  may  occur  in  grade  B,  and 
a  large  one  or  none  in  C. 

Measured  characters:  Height  and  um- 
bilicus are  correlated  with  width  (size). 
Whorl  number  is  also  correlated  with  width 
within  each  subspecies,  although  c.  cragini, 
of  smaller  dimensions,  has  relatively  more 
whorls  than  c.  copei.  The  measured  char- 
acters are,  to  an  extent,  also  correlated  with 
aperture  grades  and  the  development  of 
the  fulcrum.  Smallest  and  lowest  are  speci- 
mens of  aperture  grade  B,  larger  and 
higher  of  grade  C,  etc.  The  geographic 
variation  of  the  measured  characters  shows 
basically  the  same  pattern  as  the  character 
index. 

Character  index:  Shell  width  (size),  um- 
bilicus, whorl  to  width  ratio,  aperture 
grade,  and  fulcrum  grade  were  utilized  in 
preparing  the  character  index  (Table  X). 
The  mean  values  of  populations  in  charac- 
ter index  are  uniformly  low  in  the  northern 
and  eastern  parts  of  the  range  (Fig.  20). 
A  high  "plateau"  of  character  index  occurs 
in  the  southern-central  region.  Intermedi- 
ate character  index  values  surround  the 
high  plateau  with  the  exception  of  the 
northeast;  here  the  high  values  directly 
confront  low  ones,  thus  forming  a  very 
sharp   character  gradient. 

This  gradient  runs  from  northwest  to 
southwest,  across  eastern  Texas,  following 
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no  apparent  physiographic  l^arrier.  The 
Sabine  and  Neches  rivers,  \\'hich  run  paral- 
lel with  the  gradient  only  a  short  distance 
away,  scarcely  qualify  as  barriers.  It  seems 
likely,  therefore,  that  historical  factors  are 
responsible  for  the  sharpness  of  the  gradi- 
ent. Presumably,  the  populations  that  pres- 
ently confront  each  other  developed  their 
differences  in  isolation;  their  present  con- 
tact is  secondarv. 

Si/.s-fettuitics.  T.  copci  could  be  regarded 
either  as  conspecific  \\'ith  T.  fallax  or  as  a 
separate  species.  It  is  not  known  whether 
the  two  are  reproductively  isolated.  Be- 
cause /.  alahamensis  (which  is  morpho- 
logically less  similar  to  /.  falJa.x  or  /.  obso- 
h'ta  than  are  c.  copei  or  c.  cragini)  can 
interbreed  with  /.  fallax  and  /.  ohsoleta,  it 
niigjit  he  assumed  that  c.  copei  and  c. 
cra<iiui  also  can.  Hence,  we  could  consider 
copei  and  fallax  conspecific.  The  method 
of  estimating  the  potentiality  of  interbreed- 
ing has,  however,  repeatedly  proved  erro- 
neous (p.  232).  Also,  both  species  have 
already  split  into  several  subspecies.  I 
think,  therefore,  that  copci  and  fallax 
should  not  be  combined  in  one  species. 

Evolution.  On  morphological  grounds  it 
seems  certain  that  T.  copci  developed  from 
the  same  stock  as  T.  fallax.  The  subsequent 
evolution  of  the  two  species  proceeded 
along  ixuallc]  lines.  Both  have  produced  a 
"mountain"  and  one  or  two  "lowland"  sub- 
species. The  situation  in  T.  copci  is  com- 
plicated, however,  by  tlie  fact  that  the 
"mountain"  subspecies  only  looks  that  w  ay, 
and  in  tact  occurs  in  lower  areas  than  the 
supposc-d  lowland  subspecies  docs.  Wc> 
cannot  Icll,  therefore,  what  forces  can  ])Os- 
sibly  be  held  responsible  lor  the  dcNclop- 
ment  of  th(>  two  subspecies. 

Sunnnanj.  ( 1 )  Triodopsis  coj)ci  corre- 
sponds to  the  vultuo.sa-craiS,ini  complex  of 
contemporary  authors.  It  is  divided  into 
two  subspecies:  c.  copei  and  c.  craiiini. 
The  first  corresponds  to  the  former  vullu- 
osa  copei,  the  second  to  craiiini.  The  two 
subspecies  intcrgradc;  this  intergradation  is 
presumably  secondary  (hybridization).  Two 


of  the  hybrid  populations,  T.  v.  vultuosa 
and  T.  v.  henriettoe,  are  considered  sep- 
arate subspecies  by  contemporary  workers, 

(2)  The  range  of  T.  c.  copei  is  contigu- 
ous with  that  of  c.  cragini;  the  hybrid  pop- 
ulations surround  the  range  of  the  former. 
This  pattern  is  not  correlated  with  any 
physiographic  feature. 

(  3 )  Triodopsis  c.  copei  occurs  at  low  ele- 
vations. This  is  not  in  accordance  \\\i\\  its 
hea\y  armature,  which  is  typical  of  moun- 
tain species.  Triodopsis  c.  cragini  ascends 
to  somewhat  higher  elevations. 

(4)  The  gcograpliic  variation  is  irregu- 
lar within  each  subspecies. 

(5)  On  moiphological  grounds  it  can  be 
assumed  that  T.  copei  exolved  from  the 
same  ancestor  as  T.  fallax,  and  developed 
along  parallel  evolutionary  lines  with  that 
species. 

Triodopsis  soelneri  (J.  B.  Henderson) 

Pohjgijra  .wchwri  J.  B.  Henderson,  1907,  Nantilns 
21:  13,  pi.  3,  figs.  1-2.  Among  cypress  logs  on 
the  north  shore  of  Lake  Waccamaw,  Coknnbus 
Connty,  North  Carolina.    Type  ANSP  94682. 

Definition.  Triodopsis  soelneri  is  recog- 
nized here  as  defined  by  its  author. 

Description.  The  description  is  based 
partly  on  Henderson's  original  description 
(1907),  on  Pilsbry's  (1940^)  and  Hubricht's 
( 1950a )  data,  and  partly  on  m\-  own  mea- 
sinx'ments. 

Shell  width  10.0-11.0  mm;  height  6.3- 
7.2  mm;  umbilicus  \ery  narrow,  partially 
covered  by  reflection  of  lower  lip;  number 
ol  whorls  5.5;  embryonic  whorls  1.5,  fincK 
stiiated  below  suture,  smooth  otherwise, 
subs(>qu(Mit  whorls  with  strong  striac>  and, 
in  the  interxals  of  striae,  with  j^apillae; 
l)apillae  scarce  except  in  umbilical  region 
wher(>  mnnerous;  aperture  oblicjue-oval; 
lip  swelling  bladelik(>,  but  becoming  obso- 
lete near  junction  of  lower  lip  with  shell; 
up])er  lip  tooth  small  or  absent,  lower  lip 
tootli  absent;  parietal  lamella  long  and 
slightly  bent. 

Differcniial  diagiiosis.  The  bladelike  lip 
sw(41ing  which  usualK"  does  not  bear  any 
tooth,   the  paitialK    eoxcred   unibilieus.   the 
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small  dimensions  of  the  shell,  and  the  lack 
of  complex  sculpture  readily  distinguish 
soelneri  from  the  species  of  the  T.  ohstricta 
group,  to  which  it  shows  superficial  simi- 
larities. 

Distribution.  In  addition  to  the  type  lo- 
cality. Lake  Waccamaw,  Columbus  County, 
North  Carolina,  Hubricht  (1950a,  1953) 
has  reported  T.  soelneri  from  Bladen, 
Brunswick,  and  Jones  counties,  all  in  North 
Carolina. 

Ecology.  The  type  locality  was  a  cedar 
swamp  on  the  northern  shore  of  Lake  Wac- 
camaw. As  Hubricht  reports,  this  area  has 
been  drained  and  is  being  built  on;  he  pre- 
dicts that  the  type  population  will  soon  be 
exterminated.  A  second  type  of  habitat  in 
which  soelneri  is  found  is  pine  woods 
(Hubricht,  1953).  The  pine  woods  speci- 
mens, according  to  Hubricht,  are  smaller 
and  have  "a  small  but  distinct  denticle  on 
the  outer  [upper]  lip. ' 

T.  soelneri  has  been  found  coexisting 
with  T.  hopetonensis  and  T.  messana  (con- 
sidered hybrids  between  /.  fallax,  f.  ohso- 
leta,  and  /.  alahamensis  in  this  paper  [p. 
198]). 

The  range  of  variation  of  Triodopsis 
soelneri  is  very  narrow,  probably  because 
of  its  limited  area  of  distribution  and  small 
population  size. 

Systematics.  As  Pilsbry  pointed  out 
(1940:  S15),  T.  soelneri  "is  a  somewhat 
isolated  snail,  as  near  to  T.  hopetonensis 
as  to  any  of  the  fully  toothed  species.  This 
estimate  of  its  affinities  is  confirmed  by  the 
structure  of  the  penis,  the  fleshy  body 
within  the  upper  cavity  being  similar  to 
that  of  hopetonensis  but  much  shorter.  .  .  ." 

Summary.  Triodopsis  soelneri  is  an  iso- 
lated species  within  the  fallax  complex.  It 
occurs  in  a  restricted  area.  Its  range  of 
variation  is  narrow. 

Subgenus  XOLOTREMA 

Xolotrciria  Rafinesque,   1819,  J.  Phys.  Chim.  Hist. 
Nat.,    88;    non   Xoloirema    Rafinesque,    1831. 

Type.  Triodopsis  o.  denotata,  designated 
by  Pilsbry  (1940:    823). 


The  shell  is  usually  larger  than  in  the 
subgenus  Triodopsis,  imperforate,  and  with 
a  characteristic  sculpture.  The  aperture 
has  a  long,  bladelike  lamella  in  the  lower 
lip  instead  of  a  lip  tooth. 

The  subgenus  contains  only  one  species 
complex,  ohstricta. 

Rafinesque  did  not  designate  a  type  spe- 
cies for  Xoloirema.  Furthermore,  he  used 
the  term  in  two  different  ways,  in  1819 
and  1831.  Pilsbry  (1940:  823)  clarified  the 
meaning  of  the  term  Xolotrema,  and  desig- 
nated T.  notata  (in  this  paper  called  T. 
ohstricta  denotata)  as  type  species.  Pils- 
bry's  reasoning  was  that  T.  o.  denotata,  as 
well  as  all  the  other  forms  included  in  the 
ohstricta  complex,  is  recognizable  from 
Rafinesque's  1819  description  of  Xolotrema 
as  belonging  to  the  genus,  and  is  thus  avail- 
able as  the  type  species.  Rafinesque's  1831 
description  of  Xolotrema  refers  to  the  Meso- 
don  inflect  us  group. 

The  obstricta  Complex 

This  complex  contains  two  well-distin- 
guished species:  Triodopsis  ohstricta,  with 
subspecies  o.  ohstricta  and  o.  denotata,  and 
T.  fosteri,  with  subspecies  f.  fosteri  and  f. 
huhrichti.  The  two  subspecies  of  T.  oh- 
stricta hybridize.  The  separation  of  two 
subspecies  of  T.  fosteri  may  not  be  war- 
ranted. 

Triodopsis   obstricta    (Say) 
Triodopsis   obstricta    obstricta    (Say) 
Plate  IV:  5,  6 

Helix  obstricta  Say,  1821,  J.  Acad.  Nat.  Sci.  Phila- 
delphia 2:  145.  "Inhabits  Ohio."  There  is  a 
specimen  in  the  ANSP,  11271,  hibelled  as  "Prob- 
al^ly  the  type,"  from  Ohio.  This  is  probably  in 
error,  however,  since  obstricta  seems  not  to 
occur  in  Ohio  (see  systematics).  I  therefore  re- 
strict the  type  locality  to  Murfreesboro,  Ruther- 
ford County,  Tennessee,  which  falls  within  the 
range  of  the  subspecies. 

Carocolla  Jielicoides  Lea,  1834,  Trans.  Amer. 
Philos.  Soc.  4:  103,  pi.  XV,  fig.  34a-c.  Near 
Nashville,  Davidson  County,  Tennessee.  Type 
not  seen. 

Definition.  Triodopsis  o.  ohstricta  cor- 
responds to  T.  ohstricta  of  Pilsbry  (1940), 
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Table  XI 
Chart    for    Computing    Character    Index    ix 
Triodopsis  obstricta.  Method  of  Calculation: 

A    SPECrNIEN   with   SCULPTURE   D   AND   ANGULARITY 

Type  4  is  Scored  55  +  45  =  100,  the  Available 
Maximum  Score. 


Score 

Sculpture 

Angularity 

0 

A 

1 

0.  denotata 

5 

A' 

t 

•. 

10 

B 

15 

2 

20 

25 

30 

C 

3 

35 

40 

45 

4 

50 

D' 

\ 

f 

55 

D 

0.  obstricta 

less  T.  0.  occifh'nfali.s.  It  contains  those 
populations  of  tlic  species  which  have  mean 
values  of  80-100  in  character  index.  The 
method  of  computing  character  index  is 
shown  in  Tahle  XI. 

Description.  Shell  width  19.7-25.9  mm; 
height  9.6-12.6  mm,  height  to  width  ratio 
0.41-0.56;  umbilicus  covered  or  nearly  so; 
number  of  whorls  5.2-5.8,  whorl  to  width 
ratio  0.22-0.27;  embryonic  whorls  1.4-1.5, 
finely  striated;  subsequent  whorls  with 
stronger  striation;  last  whorl  with  very 
strong  striae  on  upper  side,  weak  striae  on 
under  side;  intervals  l)etween  striae  or 
ribs  with  closely  set,  fine  wrinkles  running 
in  a  transverse,  ()b]i(iue,  or  spiral  direction; 
transverse  wrinkles  often  arranged  in  spiral 
rows;  last  whorl  with  prominent  keel  along 
its  periphery;  aperture  oval;  lip  swelling 
thick,  \\  ith  a  Hat  or  concave  face;  upper  lip 
tooth  well  developed,  flat;  lower  lip  tooth 
replaced  by  a  long,  bladelike  lamella,  run- 
ning to  columellar  wall;  parietal  lamella 
long,  low.  sliglitly  curxcd,  j^ointing  above 
upper  lip  tootli. 

Disfrihtilion.  'iriodopsis  o.  obstricta  is 
confined  to  the  Cumb(>rland  Mountains  of 
eastern  Tennessee  and  adjoining  Alabama 
(Fig.  21).  The  measured  materia]  comes 
from    the    following;   loealiti(\s:     Toiuessec: 


Pickett,  Overton,  Davidson,  Rutherford, 
Grundy,  Franklin,  and  Mauiy  counties 
(MCZ).  Alabama:  Jackson  (2  samples) 
and  Madison  counties  (2  samples)  (MCZ). 
A  total  of  11  samples,  2-7  specimens  each, 
41  specimens  altogether. 

Ecology.  The  range  of  T.  o.  obstricta  is 
mountainous,  but  never  exceeds  1500  feet 
elevation.  It  is  covered  by  mixed  and  west- 
ern mesophytic  forests  ( Fig.  21 ) .  Its  east- 
ern boundary  runs  parallel  with  the  1500- 
foot  contour  line,  but  elsewhere  the  bound- 
aries do  not  correspond  to  physiographic 
features. 

Systematics.  Say  gave  "Ohio"  as  the  type 
locality  of  T.  o.  obstricta.  This  was  prob- 
ably in  error,  however,  since  o.  obstricta 
is  not  known  from  Ohio  (except  Taft's 
record,  1961,  from  Pickaway  County,  which 
is  probably  a  hybrid  between  o.  obstricta 
and  o.  denotata).  Say's  specimen  agrees 
well  with  those  from  Tennessee.  On  this 
basis,  I  restrict  the  type  locality  to  Murf- 
reesboro,  Rutherford  County,  Tennessee. 
If  this  interpretation  is  correct,  C.  licli- 
coidcs  must  be  considered  synonymous 
with  o.  obstricta. 

A  population  from  the  Ozark  Mountains 
has  been  described  by  Pilsbry  and  Ferriss 
( 1907 )  as  T.  o.  occidentalis.  Under  the 
microscope,  however,  these  shells  show  the 
papillate  sculpture  of  Mesodon  sargcnti- 
aniis,  and  therefore  must  be  placed  with 
that  species. 

Triodopsis   obstricta   denotata    (Ferussac) 
Plate  IV:  1,4,  12 

Helix  palUuta  Say,  1821,  J.  Acad.  Nat.  Sci.  I'liila- 
(Iclpliia  2:  152.  "Illinois."  Non  UcUx  i>alliata 
Hartmanii,   1<S()7.    Type  ANSP   11250. 

Helix  denotata  Ferussac,  liS21,  Tableaux  Systeni- 
ati(|uc,s  des  Animaux  Mdllusqucs,  p.  34,  iici.  102 
(noDien  iniduni).  II.  denotata  is  cited  as  a 
s>ii()n>in  ol  ixdiidia  in  h'erussac  and  Deshayes: 
Hisloire  Natuielle  des  Mollusciues  Tenestres  ct 
I'hniatiles,    iS2()-l<S51,   p.    144,   pi.    I9a,    li.s^.    5. 

//(7(.v  notata  "Fer."  Deshayes,  1S32,  Encyclo- 
pedic Methodique  Ilistoire  Natuielle  des  Vers, 
par  l^rn<iuiere  et  de  i.aniarek,  continuee  par 
G.  P.  Deshayes,  \'()1.  2.  part  C-MYJ-,  p.  221. 
""l\ciituek\'."    T\  jic   not    seen. 
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9  0,  OBSTRICTA 

3  HYBRID  0,  OBSTRICTA 

X  0,  DENOTATA 
O  0.  DENOTATA 

OCCIDENTALIS 

F.  FOSTERI 

F,  HUBRICHTI 


Figure  21.  Distribution  of  Triodopsis  obstrica  and  losteri,  and  the  geographic  variation  of  the  character  index  in  ob- 
stricta.  Thick,  solid  line  surrounds  the  range  of  o.  obstr/cfo,  o.  denofoto,  and  hybrids  between  the  two  subspecies; 
thick,  dashed  line,  those  peripheral  areas  of  the  range  where  limited  interbreeding  took  place;  dotted  line  surrounds  the 
range  of  foster/.  Question  mark  beside  a  symbol  means  uncertain  locality  record.  C,  type  locality  of  caro//n/ens/s, 
considered  hybrid  o.  obsfricfo  X  o.  denotata;  HE.,  helicoides,  considered  synonymous  with  o.  obsfricto;  OBS.,  o.  ob- 
stricta;  OCC,  occidentalis,  considered  synonymous  with  Mesodon  sorgent/onus;  FO.,  f.  foster/;  HU.,  f.  hubrichti;  Ml., 
m/ssour/ens/s,  considered  synonymous  with  I.  foster/'.  Numbers  without  a  circle  are  mean  values  of  samples  in  character 
index;  the  samples  of  o.  denotata  range  from  0  to  25,  hybrid  40-75,  o.  obstricta,  80-100.  Other  symbols  refer  to  ele- 
vation,  forest    types,    and   state    boundaries,    as    explained    in    Figure  3. 
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Definilion.  Triodopsis  o.  denotata  cor- 
responds to  T.  notata  of  Pilsbry  (1940: 
824),  who  combined  notata,  denotata,  and 
palliata.  It  combines  those  populations  of 
the  species  which  have  mean  \akies  of 
0-25  in  character  index  (Table  XI). 

Description.  Shell  width  17.0-25.9  mm; 
height  8.5-12.9  mm,  height  to  width  ratio 
0.42-0.57;  umbilicus  completely  or  partially 
covered;  number  of  whorls  4.8-5.8,  whorl 
to  width  ratio  0.21-0.30;  embryonic  whorls 
1.4-1.5,  striated;  striation  becoming  more 
pronounced  toward  aperture;  intervals  be- 
tween striae  with  triangular  scales;  space 
between  scales  with  fine,  transverse  wrin- 
kles; last  whorl  angular  or  obtusely  angular 
at  its  periphery;  aperture  oval;  lip  swelling 
well  developed,  flat;  upper  lip  tooth  also 
well  developed,  flat;  lower  lip  tooth  re- 
placed by  a  long,  bladelike  lamella;  parietal 
lamella  long,  low,  slightly  curving,  pointing 
above  upper  lip  tooth. 

Differential  diagnosis.  Triodopsis  o.  de- 
notata is  readily  distinguishable  from  T.  o. 
ohstricta  because  of  its  scaly  sculpture  and 
weaker  striation,  and  because  it  lacks  a  keel 
on  the  periphery  of  the  last  whorl. 

Distrdnition.  Triodopsis  o.  denotata 
ranges  from  Michigan  and  New  Hampshire 
in  the  north  to  Alabama  and  Georgia  in 
the  south.  Isolated  populations  also  occur 
outside  of  this  range,  in  Tennessee,  Arkan- 
sas, and  Louisiana   (Fig.  21). 

The  measured  material  (all  MCZ)  comes 
from  the  following  localities:  Ontario: 
Hastings,  Wellington,  York,  and  Lincoln 
counties.  Vermont:  Chittenden  and  Ben- 
nington counties.  Massaehusetts:  Berk- 
shire County.  iVcu'  York:  Dutchess,  Co- 
lumbia, Herkimer,  Madison,  and  Onondaga 
counties.  Michig,an:  Kent,  Oakland,  Wash- 
tenaw, Ingham,  and  Ionia  counties.  Penn- 
sylvania: Lancaster,  MeK(>an,  and  Alle- 
gheny counties.  Ohio:  Summit,  Lorain, 
Franklin,  Pickaway,  and  Hamilton  coun- 
ties. Indiana:  Marion,  Dearborn,  Decatur, 
Monroe,  Gibson,  and  Posey  counties.  Mory- 
land:  Plummer  Island  (Pcounty ).  V//;^//}/V/: 
Lee  County.    North  Oarolina:    Averv  and 


Cherokee  counties.  Kentucky:  Casey  and 
Marion  counties.  Tennessee:  Sullivan,  Se- 
vier, and  Hardin  counties.  Alabama:  Jack- 
son and  Franklin  counties.  A  total  of  42 
samples,  2-24  specimens  each,  197  speci- 
mens altogether. 

Ecolog,y.  Triodopsis  o.  denotata  occurs 
in  various  kinds  of  deciduous  forests,  pre- 
dominantly between  500  and  1500  feet  ele- 
vation (Fig.  21).  Only  a  few  localities  oc- 
cur below  500  feet.  These  populations 
were  perhaps  carried  down  by  the  streams, 
as  is  the  case  in  T.  j.  juxtidens,  T.  fraudu- 
lenta,  and  T.  tn.  mullani.  We  found  T.  o. 
denotata  in  greater  abundance  on  the  banks 
of  creeks  than  high  up  on  the  hills.  On  the 
hills  it  coexists  with  T .  tridentata:  it  does  not 
seem  to  coexist,  however,  with  the  related 
species  T.  fosteri. 

Systematics.  Under  T.  notata,  Pilsbry 
combined  palliata,  denotata,  and  notata. 
The  first  name  is  a  homonym,  and  there- 
fore cannot  be  used.  Helix  denotata  Ferus- 
sac,  1821,  was  published  before  notata 
Ferussac,  1832  (see  synonymy),  but  with- 
out a  description.  On  this  basis  Pilsbry 
(1940:  824)  called  the  taxon  notata.  But, 
as  Pilsbry  himself  pointed  out  ( 1948:  1100), 
denotata  was  cited  by  Ferussac  in  1823  as 
equal  to  palliata;  thus  denotata  is  the  valid 
name. 

Some  authors  treat  7'.  o.  denotata  as  a 
full  species,  neglecting  the  intergradation 
that  exists  bet\\'een  this  form  and  o.  oh- 
stricta. I  beliexe  that  because  intergrada- 
tion ( hybridization )  occurs,  the  two  forms 
must  be  considered  conspecific. 

Hybrid   populations  between   Triodopsis  o. 
obstricta  and  o.  denotata 
Plate  IV:  2,  3 

Some  populations  are  morphologically  in- 
termediate betwt'en  7'.  o.  ohstricta  and  o. 
denotata:  the  mean  \aluc\s  of  these  popu- 
lations in  character  index  range  from  40-75, 
ol  ().  ohstricta  Iroui  80-100,  ol  o.  denotata, 
0-25.  Inleiniediate  populations  are  known 
Iroin  an  almost  complete  ring  around  the 
range  ol   o.  ohstricta  ( l"'ig.  21).    4lu'  mea- 


Systematics  and  Evolution  of  Triodopsis   •  Vagvolgiji 


209 


surcd  material  (all  MCZ)  comes  from  the 
following  localities:  Indiana:  Posey  Comity. 
Illinois-.  Wabash  County.  Kentucky:  Hart, 
Edmonson,  and  Ohio  counties.  Alabama: 
Elmore  and  Tuscaloosa  counties.  Missis- 
sippi: Lafayette  County.  Louisiana:  De 
Soto  County  (2  samples).  A  total  of  10 
samples,  2-5  specimens  each,  28  specimens 
altogether. 

The  intermediate  populations  appear 
more  variable  than  the  populations  of 
T.  o.  ohstricta  or  o.  denotata,  so  that  they 
may  be  considered  hybrids  between  the 
two  subspecies.  This  interpretation  is  con- 
sistent with  the  fact  that  the  intermediate 
populations  are  found  in  a  zone  that  lies 
between  the  two  subspecies,  and  on  the 
periphery  of  the  range  of  o.  ohstricta  (see 
also  p.  237). 

One  of  the  hybrid  populations,  from 
South  Carolina,  has  been  described  as  Trio- 
dopsis caroliniensis.^  This  name  is  placed, 
according  to  the  rules,  in  the  synonymy. 

The  hybrid  populations  show  that  T.  o. 
ohstricta  and  o.  denotata  are  not  isolated 
reproductively,  and  can  thus  be  combined 
in  one  species. 

Variation  in  Triodopsis  ohstricta.  The 
variation  of  several  characters  is  continuous 
through  the  two  subspecies.  It  is,  therefore, 
best  to  discuss  the  variation  of  both  sub- 
species together. 

Sculpture:  Four  types  can  be  distin- 
guished, referred  to  as  A,  B,  C,  and  D. 
Shells  of  type  A  are  moderately  striated.  In 
the  spaces  between  the  striae,  large,  tri- 
angular scales  are  found,  arranged  in 
oblique  rows.  From  the  base  of  each  scale 
several  short  and  thick  wrinkles  radiate 
out,  dividing  the  shell  surface  into  small 
polygons.  The  latter,  in  turn,  are  covered 
by  very  fine  wrinkles,  running  in  a  trans- 
verse direction  (PI.  IV,  fig.  12).  Type  B 
resembles  A  closelv,  but  the  thick  wrinkles 
may  fuse  to  long,  jagged  lines.    Type  C  is 


^  Triodopsis  caroliniensis  Lea,  1834,  Trans.  Amer. 
Philos.  Soc.  4:  102,  pi.  15,  figs.  33a-c.  Cheraw, 
Chesterfield  Countv,  South  Carolina.  Type  ANSP 
11267. 


a  mixture  of  A  and  D,  and  therefore  will 
be  described  after  D.  Type  D  has  very 
strong  striae,  almost  like  ribs.  The  fine 
sculpture  consists  of  short  wrinkles  or  lines, 
running  in  transverse,  oblique,  or  spiral  di- 
rections. When  transverse,  the  fine  wrin- 
kles may  be  arranged  in  spiral  rows.  In 
type  C,  the  polygonal  sculpture  and  the 
scales  of  A  occur  together  with  the  wrin- 
kled sculpture  of  D;  e.g.,  the  upper  side 
of  the  last  whorl  may  be  covered  by  short 
lines,  the  under  side  by  polygons  and  very 
fine  transverse  wrinkles.  Another  type  of 
sculpture  also  was  considered  C.  This  is  a 
network  of  relatively  thick,  long  wrinkles, 
in  the  meshes  of  which  are  visible  short, 
transverse  wrinkles.  The  striae  in  both 
types  of  C  are  as  strong  as  in  D. 

Type  A  is  characteristic  of  T.  o.  denotata, 
D  of  o.  ohstricta.  Type  B  and  type  C  occur 
in  the  hybrids  and  occasionally  in  some 
non-hybrid  specimens.  Type  A  is,  accord- 
ingly, common  in  the  northern  half  of  the 
range,  D  in  eastern  Tennessee,  B  and  C 
northwest,  west,  and  south  of  the  area  of 
D. 

Angularity  of  the  last  whorl:  Four  types 
can  be  distinguished,  referred  to  as  1,  2, 
3,  and  4  (Plate  IV).  In  1,  the  periphery  of 
the  last  whorl  is  rounded  or  bluntly  angu- 
lar, in  2  it  is  angular,  in  3  sharply  angular, 
without  a  keel,  and  in  4  sharply  angular, 
with  a  keel.  Type  1  is  characteristic  of  o. 
denotata,  2  and  3  of  the  intermediates,  and 
4  of  o.  ohstricta.  Type  2  also  occurs  spo- 
radically in  otherwise  "pure"  populations 
of  o.  denotata. 

Measured  characters:  Shell  width  is  cor- 
related with  height  and  number  of  whorls. 
All  measured  characters  show  irregular  ge- 
ographic variation. 

Character  index:  This  was  prepared  by 
assigning  numerical  values  to  the  various 
types  of  sculpture  and  angularity  of  the 
last  whorl,  and  summing  up  these  values. 
Thus  a  specimen  of  sculpture  type  A  and 
angularity  type  1  was  scored  0  +  0  =  0,  etc. 
(Table  XI).' 

The  mean  values  of  populations  in  char- 
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acter  index  range  from  0  to  100.  Low  val- 
ues, between  0  and  25,  correspond  to  o. 
denotata,  high  values,  between  80  and  100, 
to  o.  obsfricta,  intermediate  values,  be- 
tween 40  and  75,  to  hybrids.  Populations 
with  extremely  low  values  are  found  in  the 
northern  and  eastern  parts  of  the  range 
( Fig.  21 ) .  Populations  with  high  values  of 
80-100  occur  in  eastern  Tennessee,  those 
with  intermediate  values  northwest,  west, 
and  south  of  the  latter.  The  change  from 
low  to  high  values  is  generally  abrupt,  but 
particularly  so  on  the  eastern  side  of  the 
area  of  high  values,  where  populations  with 
mean  values  of  100  confront  others  with 
values  of  0. 

As  to  the  origin  of  this  pattern,  we  may 
put  forward  the  following  hypothesis.  The 
differences  between  the  two  subspecies  de- 
veloped while  they  were  isolated  from  one 
another.  The  intergradation  between  them 
is  secondary,  due  to  hybridization.  The 
northern  subspecies,  o.  denotata,  invaded 
the  periphery  of  the  range  of  the  southern 
subspecies,  o.  obstricta,  and  in  places  made 
quite  deep  inroads  in  it.  In  the  invaded 
areas,  hybridization  is  going  on.  In  only 
one  place  did  o.  denotata  not  invade:  in 
the  east,  where  the  Cumberland  Moun- 
tains guard  the  eastern  border  of  o.  ob- 
stricta. Here  hybrids  are  missing,  and  the 
"transition"  from  o.  denotata  to  o.  obstricta 
is  sharp. 

It  seems  unlikely  that  the  above  pattern 
of  variation  could  be  explained  by  primary 
intergradation.  Should  that  be  the  case, 
we  would  expect  the  variation  to  reflect 
the  physiographic  pattern  of  the  area, 
which  it  does  not.  Character  displacement 
is  almost  certainly  not  involved,  either.  In 
character  displacement,  the  most  distinct 
populations  sliould  occur  in  the  zone  of 
overlap,  the  least  distinct,  outside.  In  this 
case,  however,  the  distribution  is  just  the 
reverse. 

Summary.  ( 1  )  Triodopsis  obstricta  is  di- 
vided into  two  subspecies:  o.  obstricta  and 
o.  denotata.  The  two  subspecies  intergrade 
with  each  other,  and  the  intergradation  is 


presumably  secondary.  One  of  the  inter- 
grading  (hybrid)  populations  has  been 
mistakenly  described  as  a  separate  species, 
T.  carolinicnsis.  The  currently  recognized 
subspecies  T.  o.  occidentalis  is  to  be  placed 
with  Mesodon  sargentianus  as  a  synonym. 

(2)  Triodopsis  o.  denotata  has  a  north- 
ern distribution,  o.  obstricta  a  southern 
one.  The  hybrid  populations  form  an  al- 
most complete  ring  around  the  southern 
subspecies. 

(3)  Triodopsis  o.  denotata  possibly  shows 
ecological  exclusion  with  T.  fosteri. 

(4)  Both  subspecies  show  irregular  geo- 
graphic variation. 

Triodopsis  fosteri  (F.  C.   Baker) 
Triodopsis  fosteri  fosteri  (F.  C.  Baker) 
Plate  IV:  7-9 

Polygyrci  appressa  var.  fosteri  F.  C.  Baker,  1932, 
Nautikis  46:  48.  Three  miles  northwest  of 
Ehzabethtown,  in  vaHey  of  Big  Creek,  Hardin 
County,  Ilhnois.  Paratypes  ANSP  157437  and 
MCZ  92462. 

Triodopsis  fosteri  forma  iiiissouriciisis  Pilsbry, 
1940,  Monogr.  Acad.  Nat.  Sei.  Phikidelphia,  No. 
3:  Land  Molhisca  of  xXorth  America  1(2):  833, 
fig.  487i,j.  Jefferson  City,  Cole  County,  Missouri. 
Type  ANSP  11289;  paratypes  ANSP'l68631. 

Definition.  Triodopsis  f.  fosteri  includes 
the  former  T.  f.  fosteri  and  /.  missouriensis. 

Description.  Shell  widtli  13.8-22.0  mm; 
height  6.9-11.0  mm,  height  to  width  ratio 
0.43-0.58;  imperforate;  number  of  whorls 
4.6-5.5,  whorl  to  width  ratio  0.25-0.35; 
whorls  flat,  periphery  of  last  whorl  slighth 
angular;  embryonic  whorls  1.4-1.5,  striated; 
striation  becoming  coarser  toward  aperture; 
3  striae  per  millimeter  on  last  whorl;  space 
between  striae  N\'ith  fine  spiral  threads; 
very  short  and  very  fine  transverse  wrinkles 
between  spiral  threads;  details  \isible  onh 
on  a  fresh  shell,  under  magnification  of 
25  X  or  higher;  aperture  oxal;  upper  lip 
tooth  small  or  lacking;  lamella  replacing 
lower  lip  tooth  also  small  or  lacking;  pari- 
etal lamelki  moderateK'  or  wcW  dcNcloped. 

Differential  di(iiS.nosis.  Triodopsis  f.  fos- 
teri is  (>asil\-  scpai'ated  Irom  T.  o.  obstricta 
and  o.  denotata  hv  its  sniallei'  size,  charac- 
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teristic  sculpture,  tighter  coiling  and  weaker 
dentition.  It  is  very  similar,  however,  to 
McsocJon  appressus;  in  fact,  it  was  origi- 
nally described  as  a  subspecies  of  that 
form.  The  microscopic  sculpture  safely 
separates  them,  however;  Mesodon  appres- 
siis  has  regularly  arranged  papillae,  or  the 
shell  is  almost  smooth.  Triodopsis  f.  fos- 
feri,  on  the  other  hand,  has  spiral  threads 
and  transverse  wrinkles  as  described  above. 
In  addition,  its  shell  is  less  flat  than  that 
of  appressus. 

Distribution.  Triodopsis  f.  fosteri  ranges 
from  Iowa  to  Indiana  in  the  east,  and  to 
Louisiana  and  Alabama  in  the  south  (Fig. 
21).  It  was  introduced  in  Burlington,  New 
Jersey,  in  the  1860s  by  W.  G.  Binney.  It 
established  a  thriving  colony  there.  The 
Louisiana  sample  is  actually  labelled  as 
Baton  Rouge,  Florida.  I  changed  the  state 
to  Louisiana,  because  there  is  no  Baton 
Rouge  in  Florida,  and  /.  fosteri  does  not 
occur  in  that  state. 

The  measured  material,  all  MCZ,  comes 
from  the  following  localities:  Iowa:  Henry, 
Des  Moines,  and  Lee  counties.  Illinois: 
Will,  Hancock,  Calhoun,  St.  Clair,  Monroe, 
White,  and  Hardin  counties.  Missouri: 
Marion,  St.  Louis,  and  Carter  counties. 
Kentucky:  Ballard  County.  Tennessee: 
Shelby  County.  Arkansas:  Sharp,  Jackson, 
and  Lee  counties.  Alabama:  Lamar  County. 
Louisiana:  Orleans  and  East  Baton  Rouge 
counties.  A  total  of  23  samples,  2-12  speci- 
mens each,  116  specimens  altogether. 

Ecology.  Triodopsis  f.  fosteri  is  essen- 
tially confined  to  the  Mississippi  Valley 
(Fig.  21).  It  is  seldom  found  over  500 
feet  elevation.  Its  range  is  covered  by 
southeastern  evergreen  forests,  on  the  al- 
luvial plane  of  the  Mississippi,  or  by  oak- 
hickory  forests,  farther  north.  But  it  also 
invades  the  periphery  of  the  grasslands  and 
the  western  mesophytic  forests. 

In  the  Mississippi  Valley,  at  Valmeyer, 
Monroe  County,  Illinois,  we  found  T.  f. 
fosteri  living  in  great  abundance  on  and  at 
the  foot  of  limestone  bluffs  that  border  the 
flood  plains.    We  did  not  find  any  T.  o. 


denotata,  a  related  species  that  also  occurs 
in  the  region,  coexisting  with  it.  This  seems 
to  indicate  that  the  two  species  are  eco- 
logically exclusive  of  each  other,  but  one 
observation  is  not  sufficient  to  establish 
this  conclusion  definitely. 

Variation.  Sculpture:  In  three  shells, 
deeply  incised,  spiral  grooves  replace  the 
spiral  threads  in  a  part  of  the  last  whorl. 
This  type  of  sculpture  is  probably  the  re- 
sult of  an  injury  to  the  shell,  or,  more  ac- 
curately, to  the  mantle  edge  that  produces 
the  shell.  In  these  three  cases  observed,  the 
initial  whorls  bore  normal  sculpture,  and 
the  deep  grooves  appeared  after  a  scar. 
Only  single  specimens  showed  such  deep 
grooves,  never  whole  demes.  Several  spe- 
cies of  the  subgenera  Neohelix  and  Cryp- 
tomastix  also  show  this  phenomenon  (p. 
225,  PI.  V,  fig.  11). 

Measured  characters:  Width  of  shell  is 
correlated  with  height  and  whorl  number. 
All  characters  show  irregular  geographic 
variation. 

Systematics.  Triodopsis  f.  fosteri  was 
originally  described  as  a  subspecies  of 
Mesodon  appressus.  Anatomical  studies 
revealed,  however,  that  it  belongs  in  the  ge- 
nus Triodopsis. 

Triodopsis  f.  missouriensis  of  Illinois  and 
Missouri  is  "small,  rather  smooth.  .  .  .  The 
parietal  tooth  is  short  and  high.  .  .  .  The 
upper  lip  tooth  is  quite  small,  usually  dis- 
tinct, but  sometimes  disappearing.  .  .  ." 
(Pilsbry,  1940:  833).  None  of  these  char- 
acters really  differentiates  missouriensis 
from  "typical"  fosteri,  however.  In  size, 
7nissouriensis  ranges  from  14.3  to  15.8  mm, 
the  typical  form,  13.8-22.2  mm.  Of  the 
two  specimens  Pilsbry  figured,  one  has  a 
short  parietal  lamella,  but  the  other  has  a 
long  one.  The  former  has  an  upper  lip 
tooth,  the  latter  lacks  one.  The  range  of 
missouriensis  is  peripheral  to  that  of  /. 
fosteri,  but  is  not  isolated  from  the  latter. 
All  in  all,  I  cannot  see  any  reason  for  sep- 
arating missouriensis  from  /.  fosteri.  There- 
fore, I  consider  it  synonymous  with  the 
latter. 
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Triodopsis  fosferi  hubrichti  (F,  C.  Baker) 
Plate  IV:  10,  n 

Pulygyra  appressa  var.  hubrichti  F.  C.  Baker,  1937, 
Nautilus  51:  23.  Valmeyer,  Monroe  County, 
Illinois,  in  pink  loess  of  Sangamon  age.  Para- 
types  ANSP  168631. 

Definition.   Triodopsis  f.  hubrichti  is  rec- 
ognized here  as  proposed  by  its  author. 

Description  and  differentia]  diog,nosis. 
This  subspecies  was  characterized  by  its 
author  as  follows:  "Shell  differing  from 
typical  appressa  in  its  much  greater  size, 
more  elevated  spire,  rounded  aperture,  and 
general  gibbous  form.  The  parietal  lamella 
is  long,  curved,  and  extends  to  the  umbili- 
cal region  as  in  the  typical  form.  Basal 
lower  tooth  of  peristome  usually  well  de- 
veloped, but  the  upper  denticle  of  race 
fosteri  rarely  developed.  Sculpture  of  fine 
lines  of  growth.  Diameter  25.5;  height  14.5; 
Ap.  [aperture]  diam.  10.0;  height  7.0  mm." 
Later,  Baker  writes  (1937:  23),  however, 
that  "there  is  considerable  variation  in  size 
among  the  50  specimens  of  hubrichti  from 
Valmeyer,  about  a  dozen  specimens  rang- 
ing from  19  to  21  mm  in  diameter." 

In  contrast,  Pilsbry  states  that  "the  race 
is  distinguished  only  by  its  large  size" 
(1940:  834).  Having  seen  the  type  popula- 
tion, I  agree  with  him  completelv. 

Distri1)ution  and  ccolo<i,{/.  Triodopsis  f. 
hubrichti  has  been  found  in  pink  loess  of 
Sangamon  age,  at  Valmeyer,  Monroe 
County,  Illinois.  This  is  on  the  banks  of  the 
Mississippi  River,  where  /.  fosteri  occurs 
today.  It  therefore  appears  possible  that 
/.  Iiubrichti  occupied  habitats  similar  to 
those  occupied  by  /.  fosteri  today. 

Systetnalics.  Triodop.sis  f.  hubrichti  is 
very  similar  to  /.  fosteri.  In  addition,  it  is 
probably  directly  ancestral  to  the  lattc>r.  On 
this  basis,  we  could  combine  them  in  one 
taxon.  But  /.  hubrichti  is  chronologically 
isolated  from  /.  fo.steri,  and  for  this  reason 
is  accepted  as  a  valid  subspecies. 

Summary.  (1)  Triodopsis  fosteri  is  di- 
\'ided  into  two  subspecies;  /.  fosteri  and  /. 
hubrichti.    The    former  is   a    Recent   form 


the  latter  a  fossil.    Triodop.sis  f.  mi.s.souri- 
ensis  is  a  synonym  of  /.  fo.steri. 

(2)  Triodop.sis  f.  fosteri  is  confined  to 
the  Mississippi  Valley.  It  possibly  shows 
habitat  exclusion  with  T.  o.  denotata.  Tri- 
odopsis f.  hubrichti  presumably  occurred  in 
similar  habitats. 

(3)  The  geographic  variation  is  irregu- 
lar. 

Evolutionary  relationships  in  the  Trio- 
dopsis obstricta  complex.  Triodopsis  oh- 
stricta  and  T.  fosteri  are  certainly  related, 
but  we  do  not  know  anything  about  their 
evolutionary  history.  Triodopsis  o.  ob- 
stricta and  o.  denotata  are  assumed  to  ha\e 
descended  from  a  common  ancestor.  The>- 
were  once  isolated,  and  during  isolation 
started  to  diverge.  But  recently  they  have 
re-established  contact  and  started  hybrid- 
izing; this  may  lead  to  their  eventual  merg- 
ing. Triodopsis  f.  hubrichti  li\'ed  during  the 
Pleistocene  epoch  (Sangamon  age),  in  the 
same  geographical  area  and  possibb"  in 
similar  habitats  as  /.  fosteri.  We  can  as- 
sume that  /.  hubrichti  developed  into  /. 
fo.steri  through  slow  transformation  (phy- 
letic  speciation  ) . 

Subgenus  NEOHELIX 

Neohclix  von   Ihering,    1892,   Zeitschr.   Wiss.  Zool. 
54:  482. 

Type.  Helix  albolabris  Sa\',  designated 
by  Pilsbry,  1930,  Proc.  Acad.  Nat.  ScL  Phil- 
adelphia 82:  326. 

This  subgenus  differs  from  Xolotrema 
only  in  ha\ing  a  larger  shell  and  more 
capacious  whorls,  and  in  lacking  an  arma- 
ture in  the  aperture.  It  thus  could  be  easih 
lumped  with  Xolotrema.  I  rc^tain  the  pres- 
ent system  only  because  of  (he  reasons 
stated  before  (p.  148). 

The  subgenus  consists  of  one  species 
complex:    the  albolabris  complex. 

The  albolabris  Complex 

This  complex  contains  four  well-differ- 
entiated spcx'ies:  albolabris,  doit  if  era,  mul- 
tiUncata,  and  dice.sta.  Triodopsis  albola- 
bris has  three  subspecies:    a.  albolabris.  a. 
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alleni,  and  a.  major;  the  three  other  species 
are  monotypic. 

Triodopsis   albolabris    (Say) 
Triodopsis  albolabris  albolabris  (Say) 
Plate  V:  3,  6,  1 1 

Helix  a]])ohhri.s  Say,  1817,  Nicholson's  Encyclo- 
pai'tlia,  1st  American  Edition,  article  "Conch- 
ology,"  species  number  1,  pi.  1,  fijj;.  1.  Neotype 
from  Philadelphia,  Pennsylvania,  designated  bv 
Pilsbrv,  1940:  837,  fig.  849.  Neotype  ANSP 
20199. 

Mesodon  albolabris  \ar.  dcntafa  Tryon,  1867, 
Amer.  J.  Conch.  3:  39,  pi.  7,  fig.  6.  Type  not 
seen. 

Helix  albolabris  var.  maritima  Pilsbry,  1890,  Proc. 
Acad.  Nat.  Sci.  Philadelphia  42:  283,  3  figs. 
Sand  hills  at  Cape  Ahiy,  Cape  May  County,  New 
Jersey.  Not  Helix  maritima  Draparnaud,  1805. 
Type  not  seen. 

Polygyra  albolabris  var.  minor  Stcrki,  1900,  Ann. 
Rep.  Ohio  State  Acad.  Sci.  8:  31.  "On  the  bank 
along  the  river,"  New  Philadelphia,  Tuscarawas 
County,  Ohio.    Type  not  seen. 

Polygyra  albolabris  var.  goodrichi  G.  H.  Clapp, 
1916,  Ann.  Carnegie  Mus.  10:  539,  pi.  32,  figs. 
16-18.  Middle  Sister  Island,  Essex  County, 
Lake  Erie,  Ontario,  Canada.  Paratypes  MCZ 
139673. 

Definition.  Triodopsis  a.  aIJ)oJabris  is 
recognized  here  as  defined  by  Pilsbry 
(1940).  It  contains  those  populations  of 
the  species  which  have  mean  values  of 
25-50  in  character  index.  The  method  of 
computing  character  index  is  shown  in 
Table  XII.  The  subspecies  slightly  overlaps 
T.  a.  alleni  in  character  index.  The  reason 
is  explained  in  a  later  section. 

Description.  Shell  width  20.2-35.6  mm; 
height  11.5-23.9  mm,  height  to  width  ratio 
0.52-0.73;  no  umbilicus;  embryonic  whorls 
1.4-1.5,  striated  below  suture,  smooth  else- 
where; striation  becoming  more  pronounced 
on  subsequent  whorls,  about  2-3  striae  per 
millimeter  on  last  whorl;  space  between 
striae  with  a  grid  formed  by  intersecting 
spiral  lines  (40-50  per  millimeter)  and 
transverse  wrinkles;  grid  delicate  on 
younger  whorls,  becoming  coarser  toward 
aperture;  deep  spiral  grooves  on  whorls 
built  after  an  injury  to  shell;  aperture 
round-oval;  lip  swelling  from  thin  to  very 
thick;  lip  teeth  and  parietal  lamella  usually 


absent;  lower  lip  tooth  replaced  by  a  low, 
diffuse  swelling;  small  parietal  lamella  oc- 
casionally present. 

Distribution.  Triodopsis  a.  alholaljris 
ranges  from  Quebec  to  Michigan  in  the 
north,  and  to  North  Carolina  and  Missis- 
sippi in  the  south  (Fig.  22).  Its  range  is 
larger  than  that  of  any  other  taxon  of 
Triodopsis. 

The  measured  material,  all  MCZ,  comes 
from  the  following  localities:  Maine:  Aroo- 
stook, Penobscot,  Oxford,  Knox,  and  Cum- 
berland counties.  Quebec:  Terrebone  and 
Rouville  counties.  Ontario:  Leeds,  Hast- 
ings, Ontario,  Peel,  Wentworth,  Essex,  and 
Norfolk  counties.  Netv  Hampshire:  Carroll 
and  Cheshire  counties.  Vermont:  Orleans, 
Chittenden,  and  Windsor  counties.  Massa- 
chusetts: Middlesex,  Plymouth,  and  Hamp- 
den counties.  Rhode  Island:  Newport 
County.  Connecticut:  Middlesex  and  Fair- 
field counties.  New  York:  Clinton,  Wash- 
ington, Columbia,  Dutchess,  Ulster,  Herki- 
mer, and  Otsego  counties.  Michigan:  Che- 
boygan, Alpena,  Lelanau,  Tuscola,  Ionia, 
Washtenaw,  and  Kalamazoo  counties.  New 
Jersey:  Morris  County.  FennsijJvania:  Pike, 
Northampton,  Sullivan,  Clinton,  McKean, 
Indiana,  Philadelphia,  Lancaster,  Dauphin, 
Fulton,  and  Somerset  counties.  Ohio:  Sum- 
mit, Belmont,  Lucas,  Pickaway,  Adams, 
and  Hamilton  counties.  Indiana:  La  Porte, 
Bartholomew,  and  Dearborn  counties. 
Maryland:  Baltimore,  Somerset,  Prince 
Georges,  and  Alleghany  counties.  Virginia: 
York,  Norfolk,  Louisa,  Prince  Edward, 
Rockbridge,  Roanoke,  Wythe,  and  Lee 
counties.  M^e.st  Virginia:  Jefferson,  Grant, 
Randolph,  Summers,  and  Raleigh  counties. 
North  Carolina:  Tyrell,  Craven,  Columbus, 
Durham,  Mitchell,  Henderson,  and  Swain 
counties.  Kentucky:  Hart  County.  Ten- 
nessee: Polk  County.  A  total  of  86  samples, 
1-21  specimens  each,  468  specimens  alto- 
gether. 

Ecology.  Triodopsis  a.  albolabris  occurs 
in  a  variety  of  forest  types,  between  sea 
level  and  4000  feet  elevation  (Fig.  22;  the 
latter    record    from    Pilsbiy,    1940:     836). 
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Table  XII 

Chart  for  CoMPUTiiXG  Character  Index  for  Triodopsis  albol.abris.    Method  of  Calculation:    a 

Specimen  with  a  Shell  Width  of  40.0  mm,  a  Height  to  Width  Ratio  of  0.75,  Sculpture  C,  and 

Lower  Lip  Tooth  Grade  4  Wa.s  Scored  (70  +  70  +  30  +  30)/2  =  100,  the  A\'ailable  Maximum 

Score. 


Score 


Width 

IN 
MM 


Height  to 

WIDTH 

ratio 


Sculpture 


Lower  lip 

TOOTH 
GRADE 


0 

20.2-22.1 

0.54-0.55 

5 

22.2-24.1 

0.56-0.57 

10 

24.2-25.3 

0.58-0.59 

15 

25.4-26.4 

0.60 

20 

26.5-27.6 

0.61 

25 

27.7-28.7 

0.62 

30 

28.8-29.9 

0.63 

35 

30.0-31.0 

0.64 

40 

31.1-32.2 

0.65 

45 

32.3-33.3 

0.66 

50 

33.4-34.5 

0.67 

55 

34.6-35.7 

0.68 

60 

35.8-37.7 

0.69-0.70 

65 

37.8-39.7 

0.71-0.72 

70 

39.8-41.7 

0.73-0.76 

V, 


1 

2 
3 
4 


(/.   allcni 


a.   alholahris 


a.   iiiaior 


According  to  collectors'  rather  sporadic  re- 
marks on  the  ecology,  it  occurs  not  only  in 
wooded  areas  but  also  in  thickets  on  sandy 
shores  and  in  salt  marshes.  It  has  been 
found  on  offshore  islands  too.  The  great 
number  of  samples  available  indicates  that 
the   species   is   rather  abundant  in   nature. 

In  the  thickets  growing  on  sandy  beaches 
(both  sea  and  fresh  water)  and  "on  the 
higher  spots  in  salt  marshes"  (Pilsbry, 
1940:  839)  a  characteristically  small,  high, 
and  thin-shelled  form  is  usually  present. 
This  apj:)(\irs  to  be  an  ecological  form  of 
polytopic  distribution.  This  form  was  once 
called  T.  a.  var.  maritima,  but  recent  au- 
thors consider  it  synonymous  with  T.  a. 
alhoJabris  (PI.  \,  fig.  6).  Another  polytopic, 
ecological  form  is  T.  a.  forma  ^^oodiicJii, 
which  has  a  i)iukish  shell.  It  is  found  on  a 
few  islands  in  Lake  Erie,  and  on  the  shores 
of  Lake  Waccamaw,  North  Carolina,  all 
presumably  very  moist  places.  This  form 
also  is  considered  synonymous  with  T.  a. 
aU)olahii.s. 

Variation.  Aperture:  The  lip  teeth  are 
usually  lacking.  J\arely,  however,  a  moder- 
ate to  heavy  swelling  appears  close  to  the 
columella,    possibly    replacing    the    lower 


tooth.  A  parietal  lamella  occurs  sporadi- 
cally in  many  populations. 

Mca.surcd  eliaraetcr.s:  Height  of  the  shell 
is  correlated  with  width;  both  characters 
show  irregular  geographic  variation. 

Systematies.  The  synonymy  of  T.  a.  al- 
holahris has  been  summarized  by  Pilsbry 
(1940:  835),  and  is  only  recapitulated  here. 
Triodopsis  a.  var.  maritima  and  var.  iiood- 
rieJii  are  ecological  forms,  and  \ar.  dcntata 
(PI.  V,  fig.  2)  is  based  on  individual  vari- 
ation. Polygyra  a.  var.  tninor  is  a  preoccu- 
pied name. 

Triodopsis   olbolabris   major    (A.    Binney) 
Plate  V:  9,  10 

Helix  niaJKr  A.  Hiiiiu'v,  1837,  Boston  J-  Nat.  Hist. 
1:  473,  pi.  12.  "■(Jcoigia,  Alal)ania,  and  P4oiida." 
Neotype  selected  by  Pilsbn',  1940:  844,  fig. 
489/1,  "Georgia,"  ANSP   11212. 

Definition.  Triodopsis  a.  major  is  recog- 
nized lu^-e  as  d(4in(xl  b\  Pilsbr\'  (1940). 
It  contains  those  populations  of  the  spcx'ies 
of  which  the  m(\ui  character  index  values 
lange  between  65  and  95.  The  method  of 
computing  character  index  is  shown  in 
Table  XII. 
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1  MINN 


•  A.   ALBOU\BRIS 
3  INTERMEDIATE    A,   ALBO- 
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LABRIS  -  A,  ALLENI 

^  A.   ALLENI 
A  FUSCOLABRIS 


0       50     100 
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Figure  22.  Distribution  of  Triodopsis  albolabris.  Thick,  solid  line  surrounds  the  range  of  a.  albolabris,  a.  major  and 
o.  alleni;  thick,  dashed  hne  separates  the  zone  of  intergradation  from  the  range  of  a.  albolabris.  F,  occurrence  of 
luscolabris;  M,  maritimo;  T,  traversensis;  the  latter  two  forms  are  considered  synonymous  with  a.  albolabris.  ALB., 
type  locality  of  a.  albolabris;  ALL.,  a.  alleni;  FUS.,  luscolabris;  GOOD.,  goodrichi,  considered  synonymous  with  a.  albo- 
labris; MAR.,  maritima;  TRA.,  traversensis.  Numbers  without  a  circle  are  mean  values  of  samples  in  character  index;  sam- 
ples of  a.  albolabris  range  from  25  to  50;  intermediate  between  a.  albolabris  and  o.  major,  50-55;  a.  major,  65-95; 
intermediate  between  a.  albolabris  and  o.  alteni,  25;  o.  alleni,  15-35;  luscolabris,  considered  intermediate  between  o. 
alleni  and  o.  major,  45-50.  Other  symbols  refer  to  elevation,  forest  types,  and  state  boundaries,  as  explained  in 
Figure  3. 


Description  and  differcntiol  diagnosis. 
Shell  larger,  higher,  and  more  globose  than 
that  of  a.  ci]holahris\  width  27.1-41.7  mm; 
height  l(S.S-30.5  mm,  height  to  width  ratio 
0.62-0.74.  Sculpture  same  as  in  a.  albola- 
bris, perhaps  a  little  coarser.  Lip  swelling 
usually  very  thick;  the  swelling  replacing 
the  lower  lip  tooth  is  present  in  about  two- 


thirds  of  the  specimens;  parietal  lamella 
absent.  In  a.  albolabris,  the  lip  swelling  is 
usually  thinner,  and  the  lip  swelling  and 
the  parietal  lamella  are  present  occasionally. 
Distribution.  Triodopsis  a.  major  is  con- 
fined to  a  small  area  from  North  Carolina 
to  Alabama  (Fig.  22).  A  narrow  zone  of 
intergradation  separates  its  range  from  that 
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of  T.  a.  alholahris.  The  range  roughly 
coincides  with  that  of  T.  /.  alabamensis,  a 
not  very  closely  related,  congeneric  species. 

The  measured  material,  all  MCZ,  comes 
from  the  following  localities.  North  Caro- 
lina: Swain  County.  South  Carolina:  Berk- 
eley County.  Tennessee:  Blount,  Loudon, 
Cumberland,  and  Marion  counties.  Geor- 
ilia:  Whitefield,  Hall,  Clarke,  Bibb,  Chat- 
ham, Pulaski,  and  Muscogee  counties.  AJa- 
hama:  I'ayette,  Calhoun,  Lee,  Barbour, 
Henrv,  and  Conecuh  counties.  A  total  of 
19  samples,  1-8  specimens  each,  41  speci- 
mens altogether. 

Ecoloii^ij.  Triodopsis  a.  major  is  common 
in  oak-pine  and  southeastern  evergreen  for- 
ests, but  also  occurs  in  mixed  and  western 
mesophytic  and  oak-hickory  forests.  It 
ranges  from  sea  level  to  over  3(){)0  feet 
(Fig.  22). 

Variation.  Archer  (1932),  following  Bin- 
ne\-  (1851:  97),  speaks  of  the  "narrow, 
thickened,  rounded"'  peristome  of  a.  major 
as  a  diagnostic  feature.  This  holds  true 
in  some  specimens,  but  many  others  have  a 
relatively  large  aperture,  almost  like  that 
in  a.  alJyolahris. 

The  measured  eluiraefers  are  statistically 
correlated  with  each  other  and  show  ir- 
regular geographic  variation.  A  few  popu- 
lations are  morphologically  intermediate 
between  a.  major  and  a.  aU)olahris\  these 
will  be  discussed  in  a  later  section. 

Sijstematies.  The  conspecificity  of  T.  a. 
major  with  a.  alholahris  is  shown  by  the 
fact  that  they  intergrade. 

Triodopsis  albolobris  alleni  (Wetherby,  In 
Sampson) 

Plate  V:  4,  5 

Me.sodon  aUml(it)rls  Say  \ar.  aUvwi  \\'(11ut1)>  ,  l\i 
Sampson,  1893,  Ann.  licp.  Gcol.  Smv.  Arkansas 
for  1H91,  2:  190.  Enreka  Sprin^r.s,  Carroll 
County,  Arkansas.    Paratypc   MCZ  79467. 

Mcsodnn  all)<)hi])ris  var.  minor  Wetherby,  18(S1, 
J.  Cincinnati  Soc.  Nat.  Hist.  4:  3.32.  iMircka 
Springs,  Carroll  County,  Arkansas.  Not  Helix 
alholahris  var.  minor  Slmltlcwdrtli.  'I\  pc  not 
.seen. 

Definition.  Triodo])sis  a.  (dleni  is  recog- 
nized here  as  defined  by  Pilsbry    (1940). 


It  contains  those  populations  of  the  species 
which  have  mean  values  of  15-35  in  char- 
acter index.  The  method  of  computing 
character  index  is  sho\\'n  in  Table  XII.  The 
subspecies  slightly  overlaps  T.  a.  alholahris 
in  character  index,  for  reasons  to  be  ex- 
plained in  a  later  section. 

De.scri))tion  and  differential  diaii^nosis. 
Shell  usually  smaller  and  flatter  than  that 
of  a.  alholahris:  width  23.3-30.1  mm;  height 
13.7-17.8  mm,  height  to  width  ratio  0.55- 
0.64;  striated;  intervals  between  striae  shiny 
and  smooth,  or  nearly  so;  grid,  formed  by 
intersecting  spiral  lines  and  transverse  wrin- 
kles, very  faint;  aperture  oval,  lip  swelling 
thin,  often  with  a  very  broad,  low  swelling 
near  the  columella;  other  characters  as  in 
a.  (d])olahris. 

Distrihufion.  Triodopsis  a.  alleni  is  the 
western  subspecies  of  T.  alholahris  (Fig. 
22).  It  occurs  west  of  the  Mississippi  River, 
from  Minnesota  to  Iowa  and  south  to  Ar- 
kansas, or  possibly  to  Texas  (reported  bv 
Singley,  1893,  quoted  after  Pilsbr>-,  1940: 
841).  Occasionally  it  is  found  on  the  east- 
ern side  of  the  river,  as  in  Memphis,  Shelby 
County,  Tennessee. 

The  measured  material,  all  MCZ,  comes 
from  the  following  localities:  Minnesota: 
Hennepin  County.  Illinois:  Hancock 
County.  h)u(i:  Muscatine  and  Polk  coun- 
ties. Missouri:  St.  Louis,  Johnson,  and 
McDonald  counties.  Kansas:  Miami  Count\ . 
Arkansas:  Carroll  and  Washington  coun- 
ties. A  total  of  10  samples,  2-17  specimens 
each,  57  specimens  altogether. 

Eeolopj.  Triodopsis  a.  alleni  occurs  pre- 
dominantly in  the  oak-hickor\'  forest  re- 
gion, but  it  penetrates  the  marginal  /one 
of  the  prairies,  and  thc>  maj'jle-basswood 
and  southeastern  excrgreen  forests,  also 
(Fig.  22).  It  ranges  from  500  to  slightl\- 
above  1500  feet  elevation.  it  possibly 
shows  ecological  exclusion  with  T.  niulii- 
lineata. 

V(iri(ttio)\.  The  width  and  height  of  the 
shell  are  correlatt'd.  Ihe  width  shows  ir- 
regular geogi-aphie  \ariation,  the  height  to 
widtli  ratio  a  tiiachial  decrease  from  north 
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to  south.    This  is  one  of  the  few  cHnes  in 
Triodopsis. 

Sysfemotics.  The  eonspecifieity  of  T.  a. 
allcni  with  (/.  alhohihris  is  shown  by  their 
intergradation.     (See  below.) 

Populations  intermediate  between  Triodop- 
sis  a.    albolabris,    a.    major,    and    a.    alleni 

Three  populations  from  Lexington 
County,  South  Carolina,  and  Bradley  and 
Warren  eounties,  Tennessee  (seven  speci- 
mens altogether),  are  intermediate  between 
T.  a.  alholahris  and  a.  major.  Their  mean 
values  in  character  index  are  50-55;  in  a. 
albolabris  they  are  25-50,  in  a.  major ^  65-95. 

Two  populations  from  Knox  and  Wash- 
ington counties,  Tennessee,  and  one  from 
Davidson  County,  Tennessee  ( 28  specimens 
altogether),  resemble  the  trans-Mississip- 
pian  subspecies,  a.  alleni,  in  having  semi- 
smooth  ( B  )  sculpture  ( below )  and  a  flat- 
tened shell,  respectively.  In  other  charac- 
ters, they  are  like  a.  alboJabris.  The  mean 
value  of  these  populations  in  character  in- 
dex is  25;  in  a.  alleni  it  is  15-35,  in  a.  albo- 
labris 25-50. 

Two  populations  from  Jackson  and  Madi- 
son counties,  Alabama  (13  specimens),  are 
large  and  have  a  thick  lip  swelling  like  a. 
major,  but  at  the  same  time  the  shells  are 
flat  and  have  a  semismooth  sculpture  (B), 
in  which  characters  they  approach  a.  alleni. 
Their  mean  values  in  character  index  are 
45  and  50.  The  Jackson  County  population 
is  currently  recognized  as  T.  a.  fiiscolabris^ 
(PL  V,  figs  7,  8);  it  is  not  so  recognized  in 
this  paper,  however  (see  below). 

All  these  localities  lie  in  the  zone  of  inter- 
gradation between  T.  a.  albolabris  and  a. 
major  (Fig.  22).  This  makes  sense  as  far 
as  the  albolabris-major  intergrades  are  con- 
cerned, but  it  leaves  the  albolabris-allcni 
and  major-alleni  intergrades  unexplained. 
Perhaps  there  was  a  time  when  a.  allcni 
was  continuous  in  distribution  with  a.  albo- 


^  Pilsbry  described  this  population  as  Polygyra 
aJholahris  fuscolaJnis,  from  Woodville,  lackson 
County,  Alabama  (1903,  Proc.  Acad.  Nat.  Sci. 
Philadelphia   55:    200).    Type  ANSP  66304. 


labris  and  a.  major  through  the  Tennessee- 
Alabama  region,  and  the  intergrading  popu- 
lations are  remnants  of  this  lost  connection. 
The  observation  that  T.  neglecta  shows  the 
same  pattern  of  variation  lends  support  to 
this  hyjjothesis.  In  that  species,  too,  the 
Tennessee-Alabama  populations  resemble 
the  isolated  western  subspecies  in  certain 
characters. 

The  intergradation  is  probably  due  to 
simple  variation.  Hybridization  is  unlikely, 
because  the  range  of  the  variation  of  the 
intergrading  populations  is  not  wider  than 
that  of  other,  presumably  "pure,"  parental 
ones  (for  further  discussion,  see  p.  236). 
One  can  treat  these  populations  as  inter- 
grades, or  they  may  be  considered  parts  of 
a.  albolabris  or  a.  major,  in  which  they  be- 
long geographically.  I  prefer  the  first  solu- 
tion, although  it  does  not  really  matter 
what  these  populations  are  called.  The  im- 
portant thing  is  that  intergradation  exists 
among  the  three  subspecies. 

As  mentioned  earlier,  one  of  the  popu- 
lations that  intergrades  between  a.  major 
and  a.  alleni  is  recognized  in  the  present 
literature  as  a  separate  subspecies,  T.  a. 
fuscolabris.  It  does  not  deserve  this  status, 
however.  Not  only  does  it  lack  morpho- 
logical distinction;  it  also  has  no  range  of 
its  own  (Fig.  22). 

Variation  of  the  cliaraeter  index  in  Trio- 
dopsis all)olabris.  Four  characters  were 
utilized  in  making  up  the  character  index: 
size  (width),  height  and  sculpture  of  the 
shell,  and  degree  of  development  of  the 
lower  lip  tooth  or  the  swelling  that  re- 
places it.  The  first  two  characters  were 
measured,  the  third  and  fourth  graded  by 
comparison  to  standard  specimens.  In 
sculpture,  three  grades  were  distinguished. 
Shells  of  grade  A  are  smooth  and  shiny  be- 
tween the  striae,  or  almost  so.  In  grade  B, 
a  faint  grid  is  visible  between  the  striae, 
formed  by  the  superimposition  of  fine 
spiral  lines  on  wavy,  transverse  wrinkles. 
In  grade  C,  the  grid  is  coarse.  Four  grades 
of  development  of  the  lower  lip  tooth  were 
distinguished:      (1)    no    tooth,    (2)    small 
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tooth,  (3)  medium,  and  (4)  large.  Each 
character  was  scored  according  to  the  chart 
shown  in  Table  XII,  and  the  scores  summed 
to  obtain  the  character  index. 

According  to  the  geographic  variation  of 
the  character  index,  three  subdivisions  can 
be  recognized  in  the  species.  One  has  mean 
values  of  15-35,  and  occurs  west  of  the 
Mississippi  (Fig.  22).  Another  has  mean 
values  of  25-50,  and  occupies  most  of  the 
range  east  of  the  Mississippi.  The  third 
has  mean  values  of  65-95,  and  occurs  in 
the  southeastern  tip  of  the  range.  Thus  the 
geographic  variation  of  the  character  index 
clearly  supports  the  view  that  three  sub- 
species are  recognizable  within  the  species. 

The  reason  that  a.  olbokihiis  and  a.  al- 
leni  overlap  in  character  index  is  that  size 
is  included;  a.  a]])ola])ris  and  a.  allcni  com- 
pletely overlap  in  this  character.  Size  was 
included  for  the  better  separation  of  o. 
major;  as  all  three  subspecies  intergrade, 
it  was  desirable  to  cover  all  three  with  the 
same  character  index. 

Evolutionary  rclation.sihips.  T.  a.  alhola- 
hrls-  occupies  a  central  position  geograph- 
ically; the  other  two  subspecies  are  periph- 
eral. This  would  seem  to  indicate  that  the 
former  subspecies  gave  rise  to  the  others. 
Morphologically,  however,  each  of  the  three 
subspecies  intergrades  with  the  others, 
which  supports  the  notion  that  all  three 
evolved  from  a  common,  widespread  an- 
cestor by  adapting  to  local  selective  forces. 

Summary.  (!)  Triodopsis  alholahris  con- 
sists of  three  intergrading  subspecies:  a. 
aJhoJahris,  a.  major,  and  a.  allcni.  The  cur- 
rently recogm'zcd  subspecies  T.  a.  jiisco- 
labris  is  not  worthy  of  taxonomic  recogni- 
tion. 

(2)  I'riodopsis  (I.  allcni  is  geographical!)' 
isolated  froin  a.  all>(>lahri.s  and  a.  major:  the 
latter  two  subspecies  are  separated  from 
one  another  by  a  /one  of  intergradation. 

(3)  Triodopsis  a.  allcni  occurs  only  hi 
areas  of  moderate  elevation.  The  other  two 
subspecies  have  a  broader  ecological  spec- 
trum. Triodopsis  a.  allcni  may  be  ecologic- 
ally exclusive  of  T.  rnultilincata. 


(4)  The  geographic  variation  is  irregu- 
lar in  all  characters  in  all  three  subspecies, 
except  the  height  to  width  ratio  in  a.  allcni, 
which  \'aries  clinally. 

(5)  The  three  subspecies  probably  evolved 
independently  of  one  another  from  a  com- 
mon ancestral  stock. 

Triodopsis  denfifera   (A.   Binney) 
Plate  VI:  1-3 

Helix  dcntifera  A.  Binney,  1837,  Boston  J.  Nat. 
Hist.  1:  494,  pi.  21.  "In  the  state  of  Vermont, 
on  the  eastern  slope  of  the  Green  Mountains.' 
The  possible  type  is  a  specimen  in  the  MCZ 
collection,  collected  bv  A.  Binnev  in  *'\'ermont," 
labelled  as  "cotype  ('?)";  MCZ  152236,  A.  F. 
Gray  Collection. 

Mcsodon  dentifcrus  \ax.  nuijur  Ancey,  1887, 
Conch.  Exch.  1:  55.  "Mountains  of  cast  Ten- 
nessee."  Type  not  seen. 

Definition.  The  taxon  is  used  here  as 
recognized  in  the  current  literature. 

Description.  Shell  width  19.5-27.6  mm; 
height  10.6-15.6  mm,  height  to  width  ratio 
0.52-0.57;  no  umbilicus;  embryonic  whorls 
1.4-1.5,  striated  below  suture;  striation  on 
subsequent  whorls  becoming  more  pro- 
nounced, 3-4  striae  per  millimeter  on  last 
whorl;  intervals  of  striae  with  fine  grid 
formed  by  intersecting  spiral  and  trans- 
verse lines  ( about  40  spiral  lines  per  milli- 
meter); after  breakage,  deep  spiral  grooves 
appear;  aperture  oval,  lip  swelling  strong 
and  flat;  no  lip  teeth;  parietal  lamella  small. 

Differential  diapiosis.  Triodopsis  dcn- 
tifera is  very  similar  to  T.  a.  alholahris.  but 
its  shell  is  smaller  and  flatter,  and  its  lip 
swelling  is  heavier.  In  addition,  it  has  a 
parietal  lamella,  whereas  a.  alholahris  very 
rarely  does. 

Distrihntion.  Triodo))sis  dcntifera  ranges 
from  Quebec  to  PennsyKania  (Fig.  23). 
It  also  oc-curs  farther  south  in  the  Tennes- 
see-North Carolina  region.  Tail  (1961) 
reports  it  froni  I  lamilton  C'ounty,  Ohio. 
The  latter  areas  seem  to  be  isolated  from 
the  main  j)art  of  the  range.  This  pattern 
ina\  imply  that  the  species  is  in  the  with- 
drawal stage,  but  this  is  not  certain.  In 
Ohio,  the  species  is  adjacent  to  the  related 
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species,  T.  multilineata.  It  appears  that 
the  two  forms  are  replacing  one  another 
geographically. 

The  measured  materia],  all  MCZ,  comes 
from  the  following  localities:  Quebec: 
Labelle  County.  New  Hampshire:  Chesh- 
ire and  Crafton  counties.  Vermont:  La- 
moille and  Windsor  counties;  one  specimen 
(?  cotype)  from  Vermont,  without  detailed 
locality.  New  York:  Franklin  County. 
Pennsylvania:  Wayne  and  Allegheny  coun- 
ties. North  Carolina:  Watauga  County. 
A  total  of  13  samples,  1-5  specimens  each, 
24  specimens  altogether. 

Ecology.  Triodopsis  dentifera  is  mainly 
found  in  the  cool  northeastern  regions  of 
the  continent,  covered  by  northern  hard- 
wood forests  ( Fig.  23 ) .  Only  sporadic  rec- 
ords are  known  from  more  southern  re- 
gions, from  oak-chestnut  and  mixed  meso- 
phytic  forests.  All  localities  lie  above  500 
feet  elevation. 

Variation.  The  variation  of  the  species 
conforms  to  the  pattern  usually  found  in 
Triodopsis:  width  and  height  of  shell  are 
correlated,  and  the  geographic  variation  of 
both  characters  is  irregular.  The  variation 
is  limited,  as  expected  from  the  small  size 
of  the  population. 

Systematics.  Triodopsis  dentifera  var. 
major  was  described  from  the  mountains 
of  eastern  Tennessee.  The  type  specimens 
are  not  known,  but  supposedly  they  were 
large  (28  mm),  dark  colored  shells,  with 
deep  spiral  lines  on  the  lower  surface.  Cur- 
rently, major  is  considered  synonymous 
with  dentifera,  for  the  reason  that  spec- 
imens of  dentifera  from  Banner's  Elk,  Wa- 
tauga County,  North  Carolina,  are  nearly 
as  large  (26.1-26.5  mm)  as  major  was  sup- 
posed to  be,  but  otherwise  are  "normal" 
dentifera.  I  may  add  that  the  deep  spiral 
lines,  thought  to  be  of  diagnostic  value, 
probably  resulted  from  an  injury,  as  these 
lines  have  been  found  in  many  injured  spec- 
imens of  the  alholahris,  fosteri,  and  mullani 
groups  (PI.  V,  fig.  11 ). 

Summary.  Triodopsis  dentifera  is  a 
monotypic  species.    Its  population  is  small. 


its  variation  narrow  and  irregular.  Geo- 
graphically, it  replaces  the  related  species 
T.  multilineata. 

Triodopsis  mulfilineato  (Say) 
Plate  VI:  4-7 

Helix  multilineata  Say,  1821,  ].  Acad.  Nat.  Sci. 
Philadelphia  2:  150.  Type  unknown.  Say  gave 
"Illinois  and  Missouri"  as  die  type  locality;  I 
restrict  it  to  Hamilton,  Hancock  County,  Illinois. 

Foliifiiira  multilineata  subsp.  algonquinensis 
Mason,  1906,  Nautilus  19:  141.  Marshy  and 
boggy  places  around  roots  of  willows;  Algon- 
quin, McHenry  County,  Illinois.  Types  MCZ 
148145  and  ANSP  91193. 

Polygyra  multilineata  var.  chadwicki  Ferriss,  1907, 
Nautilus  21 :  37.  Banks  of  Kaw  River,  near 
Lawrence,  Douglas  County,  Kansas.  Paratypes 
MCZ  222099. 

Pohifiyra  multilineata  var.  altonensis  F.  C.  Baker, 
1920,  Nautilus  34:  65.  From  loess,  Alton, 
Madison  County,  Illinois.    Type  not  seen. 

Pohi'^ijra  multilineata  var.  wanlessi  F.  C.  Baker, 
1928,  Nautilus  41:  132.  Peorian  loess,  east  of 
Havana,  Fulton  County,  Illinois.    Type  not  seen. 

Definition.  Triodopsis  multilineata  as 
used  here  includes  the  currently  recognized 
taxa  multilineata,  m.  forma  algonquinensis, 
and  m.  forma  chadwicki. 

Description.  Shell  width  16.2-28.1  mm; 
height  10.0-18.2  mm,  height  to  width  ratio 
0.55-0.71;  no  umbilicus;  embryonic  whorls 
1.4-1.5,  smooth  or  finely  striated  below  su- 
ture (20-25  striae  per  millimeter);  stria- 
tion  becoming  more  pronounced  on  subse- 
quent whorls,  about  two  striae  per  milli- 
meter on  last  whorl;  third  whorl  with  a 
grid  formed  by  extremely  delicate  spiral 
and  transverse  lines;  grid  on  subsequent 
whorls  somewhat  coarser,  but  still  very 
fine  (30  spiral  lines  per  millimeter);  shell 
banded  with  dark  reddish  brown  bands, 
rarely  unifonnly  dark  reddish  brown  or 
horn  colored;  after  breakage,  deep  spiral 
grooves  may  develop;  aperture  oval,  with- 
out lip  teeth;  parietal  lamella,  or  a  callosity 
in  its  place,  may  be  present. 

Differential  diagnosis.  The  thin  lip  and 
the  banded  shell  readily  distinguish  this 
species  from  T.  alholahris  or  T.  dentifera. 

Distribution.  Triodopsis  multilineata 
lives    in    the    northern    midwestern    states, 
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Figure  23.  Distribution  of  Triodopsis  dentifera,  multilmeata,  and  divesta.  Thick,  solid  line  surrounds  the  range  of  the 
three  species.  ALG.,  type  locality  of  o/gonqu/nensis;  ALT.,  alionemis;  CHA.,  chadwicki;  W.,  won/ess/;  these  forms  are 
considered  synonymous  with  multi/ineofo;  MUL.,  multilmeata.  Other  symbols  refer  to  elevation,  forest  types,  and  state 
boundaries,    as    explained    in    Figure    3. 


from  MiiiiK'sota  ea.st  to  Michigan  and  Ohio 
and  south  to  Kan.sas.  Its  range  is  adjacent 
to  that  of  T.  (Icniifeid  in  the  (>ast  and  T. 
divesid  in  the  west.  Tlie  three  forms  ap- 
parently replace  each  other  geographically 
(Fig.  23). 

The  measured  materUd  comes  from  the 
following  localities:  MieJiiiiun:  Menomi- 
nee, JIuron,  Saginaw,  Oakland,  Washte- 
naw, Clinton,  Kent,  and  (^alhoiui  counties. 
Minnesota:  Stearns,  Hennepin,  and  Good- 
hue counties.  Ohio:  Portage,  Lorain,  Ot- 
tawa,    J'ranklin,    and     Hamilton     counties. 


hidiana:  \\Vlls,  Randolph,  Marion,  and 
Knox  counties.  Illinois:  McHenr\,  Will, 
LaSalle,  Nh'reer,  Hancock,  and  Wabash 
counties.  Iowa:  ('erro  Gordo,  Black  Hawk, 
Scott,  l^)lk,  and  Pottawattamie  counties. 
Kcnisas:  Douglas  County.  A  total  of  32 
samples,  2-25  speeim(Mis  each.  230  speci- 
mens  altogether. 

Eeoloii,y.  Triodopsis  nnilfilineata  \\\cs  in 
oak-hickory,  beech-maple,  and  maple-bass- 
wood  forests  (Fig.  23).  A  h'w  localities 
also  occur  in  nortluMU  hardwoods,  in  the 
western     mesophytic     forests,     and     in     the 


Systematics  and  evolution  of  Triodopsis   '  Vagvolgyi        221 


prairies.  The  prairie  localities,  however, 
may  be  the  result  of  the  inaccuracy  of  the 
map;  its  scale  is  too  large  to  show  very 
small  patches  of  woods.  All  localities  lie 
higher  than  500  feet. 

Various  collectors  have  observed  that  the 
species  prefers  river  banks  and  other  moist 
places.  It  shares  this  preference  with  T.  a. 
alleni,  a  sympatric  form.  Although  I  do 
not  have  personal  experience  with  them, 
and  the  museum  labels  do  not  say  it  ex- 
plicitly, I  assume  that  the  two  species  live 
in  habitat  exclusion — that  is,  in  any  given 
habitat  either  one  of  them  may  occur,  but 
not  the  two  together.  This  assumption  is 
based  on  the  behavior  of  numerous  other 
sympatric  species  pairs  of  Triodopsis,  such 
as  tridcntota-jiixtidcns,  jiixtidcns-fallax,  etc. 

It  may  be  that  T.  midtilincata  is  also  eco- 
logically exclusive  of  T.  dentifera  and  T. 
divesta.  This  could  be  inferred,  at  least, 
from  the  fact  that  it  replaces  these  forms 
geographically  (Fig.  23).  Exclusion  seems, 
however,  less  certain  in  these  than  in  some 
other  cases,  since  the  three  forms  are  sep- 
arated from  one  another  by  gaps.  Thus 
they  are  not  in  competition  with  one  an- 
other, and  without  competition,  one  cannot 
assume  exclusion. 

Triodopsis  midtilineata  has  the  interest- 
ing habit  of  gathering  into  groups  for  hiber- 
nation. Pilsbry  (1940:  S48)  quotes  Dr. 
Kirtland  when  writing;  "At  the  approach 
of  winter  it  [T.  multilincata]  retreats  to  the 
carex-tops,  where  several  dozen  may  be 
found  together  in  a  torpid  state,  with  the 
mouth  of  their  shells  closed  with  an  epi- 
phragm.  .  .  .  The  numbers  collected  in 
these  retreats  are  sometimes  agglutinated 
into  one  mass."  I  observed  hibernation  in 
groups  also  in  several  species  of  the  family 
Zonitidae. 

Variation.  Aperture:  A  small  or  medium 
large  parietal  lamella  appears  in  specimens 
collected  at  Lawrence,  Douglas  County, 
Kansas.  These  specimens  have  been  de- 
scribed as  T.  m.  forma  cJiaduieki.  This  is 
not  justified  in  my  opinion,  however.  For 
explanation,  see  systematics,  below. 


Color:  The  shell  is  usually  ornamented 
with  six  to  eight  reddish  brown  bands  on  a 
light  horn  ground  color.  The  bands  may 
decrease  in  number  until  they  entirely  dis- 
appear, or  may  expand  until  the  shell  be- 
comes entirelv  reddish  brown.  Banded  and 
unicolored  shells  occur  together  in  many 
populations.  Despite  this,  however,  the 
light  shells  were  at  one  time  recognized  as 
var.  aiha  or  aJbina,  the  red  ones  as  var, 
rubra  or  rufa  or  unicolor.  Currently,  these 
names  are  considered  synonyms. 

Among  the  measured  characters,  the 
width  of  the  shell  correlates  with  the 
height.  Geographically,  both  width  and 
the  height  to  width  ratio  vary  irregularly. 

Systematics.  Triodopsis  m.  forma  chad- 
uicki  from  Lawrence,  Douglas  County, 
Kansas,  has  been  separated  from  the  nomi- 
nate form  of  multilincata  because  it  has  a 
parietal  lamella  and  is  vmiformly  dark  red- 
dish brown.  These  features  occur,  how- 
ever, in  several,  widely  separated  popula- 
tions of  multilincata;  also,  not  all  speci- 
mens of  chadicicki  exhibit  these  features. 
In  consequence,  cliadtcicki  is  considered 
synonymous  with  multilincata. 

Triodopsis  m.  forma  al<!,onquinensis  (PI. 
VI,  fig.  4)  from  Algonquin,  McHenry 
County,  Illinois,  is  said  to  be  an  ecological 
form  of  the  prairie  region,  which  is  charac- 
terized bv  its  small  bodv  size,  high  spire, 
and  dark' color  (Pilsbry,'  1940:  850).  My 
measurements  on  size  and  height  do  not 
show  any  significant  difference  between 
prairie  and  non-prairie  populations,  and 
the  color  variation,  as  shown  above,  is  in- 
consequential. For  these  reasons,  I  propose 
to  make  al^onquincnsis  synonymous  ^^'ith 
multilincata. 

Following  Shimek  ( 1936 )  and  Pilsbry 
(1940:  850),  we  may  consider  var.  ivan- 
lessi,  a  loess  form,  identical  with  algonquin- 
ensis.  "The  fossil  condition  of  icanlcssi  is 
about  all  that  constantly  separates  them" 
(Pilsbry,  ibid.).  Since,  as  demonstrated 
above,  alfionquincnsis  is  synonymous  with 
multilincata,   wanlcssi  is   also   a   synonym. 

Triodopsis    in.    var.    altonensis,    another 
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loess  form,  is  claimed  to  be  "larger  .  ,  . 
more  gibbous  .  .  .  [and  the]  spire  more 
depressed.  .  .  .'  than  the  typical  form. 
Specimens  as  large  and  gibbous  as  alto- 
nensis  occur,  however,  in  several  loess  and 
Recent  populations.  Therefore,  in  agree- 
ment with  Pilsbry  (1940:  849),  we  may 
consider  the  name  altonensis  synonymous 
with  multilincata. 

Summanj.  (1)  Triodopsis  multilincata  is 
a  monotypic  species;  the  forms  chadwicki 
and  algonqiiincnsis;  and  varieties  wanlessi 
and  altonensis  are  individual  or  ecological 
variants  of  multilincata,  and  therefore  syn- 
onymous with  it. 

(2)  Geographically,  Triodopsis  multi- 
lincata replaces  the  related  species  T.  den- 
tifera  and  T.  divest  a.  It  prefers  moist  habi- 
tats. It  hibernates  in  aggregates,  a  habit 
unique  in  Triodopsis. 

(3)  Another  unique  feature  is  its  banded 
shell,  the  bands  of  which  exhibit  great 
variation  in  number  and  extent.  All  char- 
acters show  irregular  geographic  variation. 

Triodopsis  divesta  (Gould) 
Plate  VI:  8-10 

Ilclix  divesta  Gould,  1851,  7/i:  A.  Binney,  Tlic 
Terrestrial  Air-hreathinu  Mollusks  of  the  United 
States  2:  358,  and  3:  27,  pi.  Xllla,  fiy.  2. 
Substitute  name  for  Helix  al)lecta  Gould.  "Ar- 
kansas."  Cotype    MCZ   72831. 

Helix  abjecta  Gould,  1848,  Proc.  Boston  Soc.  Nat. 
Hist.  3:  40.  "Soutii-western  .States."  Not  Ilclix 
abjecta  Lowe,   1831. 

Definition.  Tlie  taxon  Triodopsis  divesta 
is  rtK'Ognized  here  as   conxcntional. 

Description.  Shell  width  16.9-19.5  mm; 
height  S.7-11.8  mm,  height  to  width  ratio 
0.49-0.67;  no  umbilicus;  embryonic  whorls 
1.3-1.5,  finely  striated  (25  striae  per  milli- 
meter); subsequent  whorls  with  stronger, 
more  widely  spaced  striae  (3-4  per  milli- 
meter); intervals  between  striae  with  short 
and  wavy  transverse  wrinkles,  arranged 
loosely  in  sjnral  bands,  which  ina\'  be  sep- 
arated from  one  another  bv  smooth  bands; 
spiral  lines  also  present,  but  so  extremely 
fine  that  they  are  barely  visible,  even  on 
fresh  sp(>cimens;  last  whorl  slighth-  angular 


at  its  periphery;  aperture  oval,  with  a  lip 
swelling,  but  without  lip  teeth  or  parietal 
lamella. 

Differential  diagnosis.  The  shell  of  Trio- 
dopsis divesta  is  similar  to  that  of  T.  inulti- 
lineata,  but  is  not  banded;  it  has  a  distinc- 
tive microscopic  sculpture. 

Distribution.  Triodopsis  divesta  occurs 
west  of  the  Mississippi,  from  Kansas  to 
Louisiana.  It  does  not  enter  the  Ozark 
Mountains  proper,  but  stops  at  their  foot 
(Fig.  23).  Its  range  is  adjacent  to  that  of 
the  related  species  T.  multilineata,  and  the 
two  species  replace  one  another  geograph- 
ically. 

The  measured  material,  all  MCZ,  comes 
from  the  following  localities.  Arkansas: 
Van  Buren,  Carroll,  and  Garland  counties; 
cotype  from  "Arkansas,"  without  more  de- 
tailed locality.  Kansas:  Bourbon  County. 
OJdaJioma:  Cherokee  County.  Louisiana: 
De  Soto  County.  A  total  of  7  samples,  1-13 
specimens   each,   24  specimens   altogether. 

Ecology.  Triodopsis  divesta  lives  in  oak- 
hickory  and  southeastern  evergreen  forests; 
it  also  seems  to  penetrate  the  eastern  mar- 
gin of  the  prairie  land;  however,  the  local- 
ities from  the  prairie  may  be  patches  of 
woods  too  small  to  be  shown  on  the  map 
( Fig.  23 ) .  The  species  seems  to  prefer 
moderate  elevations  between  500  and  1500 
feet.  In  this  respect,  it  is  similar  to  the 
allied  species  T.  nudtilincata  and  dentifera. 

It  is  possible  that  T.  divesta  shows  habi- 
tat exclusion  with  T.  a.  alleni,  which  it 
completely  overlaps.  I  do  not  have  enough 
data  to  proxc  this,  however. 

Variation.  The  shell  width  is  correlated 
with  h(Mght;  the  width  and  the  height  to 
w  idth  ratio  show  irregular  geographic  \ari- 
alion. 

Suminanj.  Triodopsis  divesta  is  a  mono- 
typic species.  It  shows  geographic  replace- 
ment with  T.  multilincata,  and  i:)ossibl\- 
habitat  exclusion  w  ith  7\  a.  allciii.  Its  geo- 
graphic \ariation  is  irregular. 

Evolutionanj  rclationshi])s  among  the 
memhers  of  the  alholabris  complex.  Trio- 
(l()])sis   (dholahris   displa\s    a    great    ONcrall 
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similarity  to  dentifera.  On  this  basis,  the 
two  can  be  considered  very  closely  related. 
It  is  not  known,  however,  whether  den- 
tifera evolved  from  aJbolabris,  or  both  de- 
veloped from  a  common  ancestor,  because 
according  to  its  distributional  pattern,  den- 
tifera may  equally  well  be  a  relic  or  a 
young  species.  Uncertainties  beset  the 
origin  of  midtilineata  and  divesta,  also. 
These  species  do  not  show  clear  affinities 
to  one  another,  nor  to  albolabris  or  dentif- 
era. We  can  only  say  that  they  probably 
evolved  long  ago  from  a  Neohelix  stock. 

Subgenus  CRYPTOMASTIX 

Cnjptomastix  Pilsbiy,  1939,  Monogr.  Acad.  Nat. 
Sci.  Philadelphia,  No.  3:  Land  Mollusca  of 
North  America  1(1):  XVII. 

Type.  Triodopsis  muUani  ohieyae  (Pils- 
bry)  (a  synonym  of  T.  m.  muUani,  below), 
by   original   designation. 

Cryptomastix  differs  anatomically  from 
other  subgenera  of  Triodopsis  by  having  a 
flagellum  and  a  twin  pilaster  in  the  genital 
apparatus.  For  this  reason,  and  because  it 
is  widely  isolated  geographically  from  the 
other  subgenera,  it  might  be  better  con- 
sidered a  separate  genus.  I  follow  the  cur- 
rent classification,  however,  and  include  it 
in  Triodopsis  because  of  considerations  ex- 
plained elsewhere  (p.  148). 

The  subgenus  consists  of  one  species 
complex,  the  muUani  complex,  and  a  single 
isolated  species,  germana. 

The  mull  an  I  Complex 

The  midkini  complex  consists  of  three 
species:  muUani,  sanbiirni,  and  devia.  Tri- 
odopsis muUani  has  two  subspecies,  m. 
muUani  and  m.  harfordiana,  that  hybridize 
with  each  other.  Triodopsis  sanburni  and 
devia  are  monotypic. 

Triodopsis  mullani  (Bland  and  Cooper) 
Triodopsis    muliani    mullani    (Bland    and 
Cooper) 

Plate  VII:  8-10,   12-14 

Helix  mullani  Bland  and  Cooper,  1861,  Ann.  Lye. 
Nat.  Hist.  New  York  7:  363,  pi.  4,  figs.  16,  17. 


Near  Cocur  d'Alene  Mission,  Coeur  d'Alene 
Mountains,  Idaho.  Topotype,  labelled  "prob- 
ably one  of  original  lot,"  ANSP  1901. 

Triodopsis  hemphilli  W.  G.  Binney  1886,  2nd 
Snppl.,  Bull.  Mus.  Conip.  Zool.  13:  38,  pi.  1,  fig. 
17.  Kingston,  Shoshone  County,  Idaho.  Type 
ANSP  11106. 

Helix  hinominata  Tryon,  1887,  Man.  Conch.  3: 
146,  pi.  38,  figs.  98,  99.  Substitute  name  for 
Triodopsis  hemphilli  W.  G.  Binney. 

Polygtjra  (Triodopsis)  muUani  var.  olncijae  Pils- 
bry,  1891,  Nautilus  5:  47.  Spokane,  Spokane 
County,  Washington.    Type  ANSP  11112. 

Triodopsis  nudlani  Bland,  \ar.  bland i  Hemphill, 
1892,  In:  Binney,  4th  Suppl.,  Bull.  Mus.  Comp. 
Zool.  22:  184.  Post  Falls,  Kootenai  County, 
Idaho.     Type   not   seen. 

Triodopsis  populi  Vanatta,  1924,  Proc.  Acad.  Nat. 
Sci.  Philadelphia  76:  26,  figs.  3,4.  Cottonwood 
Tree  Canyon,  on  Snake  River,  50  miles  south 
of  Lewiston,  Nez  Perce  County,  Idaho.  Type 
ANSP  132939. 

Polij^yra  mullani  subsp.  hendersoni  Pilsbry,  1928, 
Proc.  Acad.  Nat.  Sci.  Philadelphia  80:  178,  fig. 
206.  The  Dalles,  Wasco  County,  Oregon.  Type 
ANSP  145479. 

Helix  (Mesodon)  muUani  Bland  and  Cooper,  var. 
oregonensis  Ancey,  1882,  Le  Naturaliste  2:  29. 
"Oregon  oriental."  Not  HeUx  oregonensis  Lea 
1839. 

Triodopsis  mullani  subsp.  tuckeri  Pilsbry  and 
Henderson,  1930,  Nautilus  44:  121,  pi.  5,  figs. 
8-10.  On  the  Clearwater  River  near  the  junc- 
tion of  Fourth-of-July  Creek,  Idaho.  Cotype 
ANSP  152334. 

Triodopsis  mullani  subsp.  latilahris  Pilsbry,  1940, 
Monogr.  Acad.  Nat.  Sci.  Philadelphia,  No.  3: 
Land  Mollusca  of  North  America  1  (2):  863, 
fig.  500.  Lower  two  or  three  miles  of  John  Day 
Creek,  Idaho.    Type  ANSP  175777. 

Definition.  Triodop.sis  m.  muUani  com- 
bines the  forms  classified  by  Pilsbry  ( 1940 ) 
as  T.  m.  muUani,  m.  tuckeri,  m.  latilabris, 
m.  ohieyae,  m.  hemphiUi,  m.  hendersoni,  m. 
blandi,  and  T.  popuh.  It  contains  all  those 
populations  of  the  species  which  have 
mean  values  of  40-100  in  character  index. 
The  method  of  computing  character  index 
is  shown  in  Table  XIII. 

Description.  Shell  width  12.6-19.0  mm; 
height  6.2-10.6  mm,  height  to  width  ratio 
0.48-0.60;  umbilicus  narrow  to  moderately 
wide,  slightly  or  sometimes  almost  com- 
pletely covered  by  reflected  edge  of  lower 
lip;  whorl  number  5.1-5.9,  whorl  to  width 
ratio  0.31-0.42;  embryonic  whorls   1.4-1.5, 
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Table  XIII 
Chart  for  Computing  Character  Index  in  Tri- 

ODOPSIS    MULLANl.     METHOD    OF    CALCULATION:      A 

Spectmen  \\tth  a  Shell  Width  of  18.6  mm,  a 

IIek;ht  of    10.2   mm,  and  a  Whorl  to  Width 

Ratio  of  0..32  was  Scored  40  +  30  +  30  -  100, 

the  Available  Maximum  Score. 


Whokl  to 

^^•IDTH 

Score  Width 

Height 

RATIO 

0      8.6-9.7 

4.0-4.9 

0.50-0.53    m. 

harfordiaiKi 

5     9.8-10.9 

5.0-5.9 

0.47-0.49 

J 

\ 

10   11.0-12.1 

6.0-6.8 

0.44-0.46 

15   12.2-13.2 

6.9-7.7 

0.41-0.43 

20  13..3-14.3 

7.8-8.6 

0.38-0.40 

25  14.4-15.4 

8.7-9.6 

0.35-0.37 

.30  15.5-16.6 

9.7-10.6 

0.31-0..34 

.35  16.7-17.8 

\ 

40  17.9-19.0 

;/i. 

mullani 

.striated  below  suture;  striae  usually  break- 
ing into  granules  towards  their  ends;  rest 
of  embryonic  whorls  smooth;  subsequent 
whorls  covered  by  alternating  weaker  and 
stronger  striae;  intervals  of  striae  with  fine 
spiral  lines,  about  30  per  millimeter;  be- 
tween these  lines  even  finer  transverse  lines 
and  on  some  specimens  papillae  also  pres- 
ent; papillae  reportedly  with  hairs,  but  I 
ha\e  not  seen  any;  aperture  triangular  or 
trapezoid  or  oval;  lip  swelling  thin  to  very 
thick,  ujiper  lip  swelling  sometimes  bulging 
ill  region  of  upper  lip  tooth;  lip  teeth  mod- 
erately large,  small,  or  absent;  lower  lip 
tooth  located  close  to  right  corner  of  aper- 
ture; parietal  lamella  very  small  to  moder- 
ately large. 

Distiihution.  Triodopsis  in.  niulhnii  is 
confined  to  three  more  or  less  isolated  areas 
between  the  Cascade  Range  and  the  Rocky 
\h)urilains  (Fig.  24).  One  is  at  the  eastern 
foothills  of  the  Cascade  Range,  where  the 
Columbia  River  crosses  the  range.  Anotht'r 
lies  in  I  lie  region  of  the  Spokane  River,  and 
the  third  in  the  region  of  the  Snake  River. 
Both  of  these  lie  on  the  western  slopes  of 
the  i^ockies.  The  low  area  between  the 
Cascade  Range  and  the  Rockies  remains 
unoccupied. 

Triodopsis  m.  nuilhnii  is  entirely  allo- 
patric  with  T.  dcvia,  and  sympatric  w  illi  T. 


.sanhurni,  which  are  closely  related  species. 

The  measured  riiaterial,  all  MCZ,  comes 
from  the  following  localities:  Montana: 
Lincoln  County.  Idaho:  Boundary,  Sho- 
shone, Kootenai,  Latah,  Washington,  and 
Gem  counties.  Waslun'^ton:  Spokane 
County.  Oreiion:  Umatilla  and  Wasco  (2 
samples)  counties.  A  total  of  11  samples, 
1-11  specimens  each,  37  specimens  alto- 
gether. 

Ecoloiiij.  Triodopsis  m.  mullani  occurs 
predominantly  between  1500  and  6000  feet 
elevation.  Extreme  localities  may  occur, 
however,  as  low^  as  500  feet  (  Fig.  24 ) .  Pils- 
bry  (1940:  861)  reports  that  H.  B.  Baker 
found  "typical  mtdlani"  at  5400-5600  feet, 
in  larch-pine-hemlock  forest,  on  schistose 
rocks,  at  rock  slides,  and  springs  around 
Twin  Lakes,  Stephens  Peak,  Shoshone 
County,  Idaho. 

The  exact  altitude  of  many  localities  is 
not  known.  The  available  data  seem  to 
indicate,  howe\'er,  that  the  variation  of 
the  aperture  is  correlated  with  elevation. 
See  below. 

Variation.  In  view  of  the  fact  that  Trio- 
dopsis ni.  mullani  is  a  relatively  small  popu- 
lation, its  variation  is  unexpectedly  great. 
This  applies  particularl\-  to  the  aperture 
and  the  umbilicus. 

Aperture:  The  lip  swelling  may  be  thick 
or  thin,  lip  teeth  moderate  or  small  or  en- 
tirely lacking,  parietal  lamella  moderate  or 
small.  In  all  cases  the  extreme  specimens 
intergrad(\  Considerable  \ariation  ma\  oc- 
cur within  a  single  local  population.  Those 
populations  witli  tlic  thickest  lip  swelling 
and  largest  lip  teeth  seem  to  concentrate 
in  the  higher  regions  of  the  range,  while 
thos(>  with  a  thinner  lip  swelling  and  small 
or  obsolete  teeth  li\-e  in  the  lower  regions. 
If  this  generalization  is  \alid,  T.  m.  mtdlaiti 
can  be  said  to  show  the  same  trend  as  was 
obserxcd  in  7".  Iridcnlata.  jallax.  and  the  n. 
vuliiata-jraudulcnla  group,  in  which  mon- 
tane populations  also  ha\c'  a  stronger  arma- 
ture   than    do    lowland    populations. 

4'he  sculplurc  consists  ol  striae,  line 
lines,    and    jiapillac.     The    striation    is    well 
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Figure  24.  Distribution  of  Triodopsis  mullani,  devia,  sanburni,  and  germana.  Thick,  solid  lines  surround  the  range  of 
m.  mullani,  hybrid  m.  mu//ani  X  m-  harfordiana,  m.  harfordiana,  sanburni,  and  devia;  thick,  dashed  line  surrounds  the 
range  of  o/neyoe,  formerly  recognized  as  a  subspecies  of  mullani,  here  considered  synonymous  with  m.  mullani;  dotted 
line  surrounds  the  range  of  germono.  G.,  type  locality  of  germano;  MA.,  magnidentata,  considered  synonymous  with 
sanburni;  S.,  sanburni;  C,  clappi,  considered  hybrid  m.  mullani  X  ni.  harfordiana;  HA.,  m.  harfordiana;  H.,  hemp- 
hilli;    HEN.,    hendersoni;    L.,    lalilabris;    M.,    m.    mullani;    OL.,    o/neyoe;    P.,    populi;    the    last    six    forms    are    all     included    in 

m.   mullani.     Elevation:     656-foot   contour   line;   .  . . .    1640-foot;   area   over   3281    feet   is   dotted;   area   over  6562 

feet,    blank,    surrounded    by    thin,    solid    line.     State    boundaries   are   marked    by   thin,    dashed    lines. 


developed  on  the  upper  side,  where 
stronger  and  weaker  striae  alternate  rather 
regularly  (each  strong  stria  is  followed  by 
two  weak  ones).  On  the  lower  side  of  the 
shell,  the  striation  is  nearly  effaced.  The  in- 
tervals of  the  striae  are  covered  by  fine  spiral 
lines,  and  the  intervals  of  the  latter  are 
covered  by  even  finer  transverse  lines.  The 
spiral  lines  are  pinched  together  at  the 
papillae.  The  papillae  are  supposed  to  bear 
hairs,  but  I  have  not  seen  any  with  hairs. 
It  is  possible  that  in  the  shells  examined 
they  were  worn  off.    Deep  spiral  lines  also 


may  be  occasionally  present.  They  may  ex- 
tend over  the  entire  last  whorl  ( or  ^^'horls ) , 
or  may  be  restricted  to  a  smaller  or  larger 
portion  thereof,  behind  the  aperture.  These 
lines  always  follow  a  severe  breakage  in  the 
shell  and,  therefore,  are  apparently  the  re- 
sult of  an  injury  to  the  mantle  edge.  This 
situation  is  similar  to  that  found  in  T. 
fosteri  and  in  the  T.  aJhoJahris  group. 

The  umbilicus  may  be  very  narrow  to 
wide  open.  Considerable  variation  may  oc- 
cur within  a  single  population.  It  is  impor- 
tant to  point  out  that  there  is  no  real  corre- 
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lation  between  the  variation  of  the  nnibih- 
cus  and  tlie  aperture.  For  instance,  speci- 
mens with  either  a  narrow  or  a  wide  um- 
bilicus may  have  a  weak  aperture. 

The  measured  eharacters,  such  as  \\'idth, 
height,  and  whorl  number,  are  statistically 
correlated  with  one  another,  and  show  ir- 
regular geographic  variation. 

The  character  index  shows  irregular  geo- 
graphic variation. 

Sy.stematics:  Triodopsis  m.  mullani  com- 
bines eight  taxa  ranked  as  separate  sub- 
species or  species  in  Pilsbrys  classification 
(1940).  These  are:  Triodopsis  tu.  mullani, 
in.  olneyae,  rn.  Iatila])ris,  ni.  tuckcri,  m. 
hiandi,  ni.  hendersoni,  m.  hemphilli,  and  T. 
popidi.  This  large-scale  lumping  is  necessi- 
tated by  both  morphological  and  distribu- 
tional evidence.  Because  of  the  nature  of 
the  argument,  I  will  not  take  up  each  taxon 
separately,  but  will  discuss  them  together. 

( 1 )  Morphological  evidence.  In  respect 
to  the  aperture  and  the  umbilicus,  the  eight 
taxa  form  an  uninterrupted  morphological 
series.  The  aperture  series  starts  with  hen- 
dersoni, hiandi,  and  })opuli,  which  totally 
lack  lip  teeth  and  have  a  thin  lip  swelling. 
It  continues  with  tuckeri  and  hemphilli, 
with  small  lip  teeth  and  a  thin  lip  swelling; 
olneyae,  having  small  to  moderate  lip  teeth 
and  a  medium  thick  lip  swelling.  It  ends 
with  latilahris  and  mullani,  which  have  small 
to  moderate  lip  teeth  and  a  \(m\'  thick  lip 
swelling.  The  umbilicus  series  starts  with 
those  specimens  of  hem])hilli  with  a  nearly 
imperforate  shell.  It  continues  with  other 
specimens  of  hem))]iilli,  and  with  those  of 
mullani,  tuckeri,  and  hender.soni,  all  of  which 
have  a  narrow  umbilicus.  These  are  fol- 
lowed by  kdilahris,  which  has  a  narrow  to 
medium  wide  umbilicus,  and  finally  by 
hiandi,  populi,  and  olneyae,  which  have  a 
medium  wide  umbilicus.    In  summary: 

Aperture  series:  hendersoni — hiandi — 
pop\di — tuckeri — hemphilli — olneyae — lati- 
lahris— mullani. 

Umbilicus  series:  hemphilli — midlani — 
tuckeri — hendersoni — latilahris — hiandi — 
})Oj)uli — olneyae. 


There  are  no  convenient  breaking  points 
whereby  the  series  could  be  subdivided. 
Nor  does  the  aperture  series  coincide  with 
the  umbilicus  series.  Subdivisions  based 
on  the  aperture  are,  therefore,  in  conflict 
with  those  based  on  the  umbilicus.  Such 
continuous  and  discordant  variation  should 
not  be  used  for  the  sex3aration  of  subspe- 
cies. 

(2)  Distributional  evidence,  (a)  Popu- 
lations with  small  or  large  lip  teeth,  or 
with  a  narrow  or  a  wide  umbilicus,  do 
not  form  geographical  races;  instead,  the 
aperture  varies  more  or  less  in  correlation 
with  elevation,  and  the  umbilicus  varies 
irregularly,  (b)  One  of  the  eight  taxa  in 
question,  olneyae,  completely  overlaps  lati- 
lahris,  mullani,  tuckeri,  and  populi,  and 
partially  overlaps  hiandi,  hemphilli,  and 
hendersoni  (Fig.  24).  Overlapping  popu- 
lations which  have  no  morphological  dis- 
tinction should  not  be  considered  separate 
subspecies  without  further  evidence.  There 
is  no  such  e\'idence  in  the  present  case. 

Pilsbry  himself  was  aware  of  this  situa- 
tion. On  page  860  of  his  liook  (1940)  he 
writes:  "In  fact,  mullani  and  hemphilli 
seem  to  be  merely  the  end  forms  in  a  con- 
tinuous series,  found  in  the  same  colonies, 
not  really  different  races."  On  page  862: 
"In  any  large  lot  the  variation  from  mullani 
to  hemphilli  is  really  continuous."  On  page 
S65:  "In  Idaho  the  line  between  olneyae 
and  Jiemphilli  is  practicalh'  wiped  out. 
since  specimens  referable  to  both  or  either, 
often  occur  in  the  same  lots."  On  page 
865:  South  of  Stites,  Idaho  (bounty,  Idaho. 
".  .  .  the  shells  are  small,  rather  d(>licat(\ 
thin,  and  strongly  dejM-essed  as  in  clap])i. 
but  the  callus  in  the  basal  lip  is  about  as 
in  the  larger  olneyae.  .  .  ."  On  page  867: 
"In  this  arc^i  [Snake  HixcM'  \'alle\,  around 
VVeiser,  Washington  (^ount),  Idaho]  it  be- 
comes a  nice  (juestion  where  to  draw  the 
line  between  hendersoni  and  clappi.'  It  is 
not  at  all  clear  to  me  win,  in  the  face  of 
such  state  incuts,  lie  maintained  the  subspe- 
eific  status  of  tlu'sc  h)iins,  even  adding  new 
forms  as  late  as   1940. 
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According  to  Pilsbry's  classification,  two 
more  subspecies  belong  to  T.  mullani:  m. 
magnidentata  and  m.  clappi.  In  my  opin- 
ion, mognidcntata  is  identical  with  T.  san- 
l)urni,  and  I  therefore  consider  it  a  synonym 
of  that  species  (p.  229).  Triodopsis  m. 
clappi  is  apparently  a  hybrid  between  m. 
mullani  and  m.  harfordiana,  and  I  there- 
fore consider  this  name  invalid. 

Triodopsis  mullani  harfordiana  W.  G.  Bin- 
ney 

Plate  VM:  4-6 

Triodopsis  harfordiana  W.  G.  Binney,  1886,  2nd 
Suppl.,  Bull.  Mus.  Comp.  Zool.  13:  37.  Salmon 
River,  Idaho.    Type  MCZ  12674. 

Helix  salmoncnsis  Tryon,  September  2,  1887,  Man. 
Conch.,  (2)3:  146,  pi.  38,  figs.  96,  97.  Salmon 
River,  Idalio.  Substitute  name  for  Triodopsis 
harfordiana  W.  G.  Binney  1886.  Type  ANSP 
11116. 

Helix  commutanda  Ancey,  December  1887,  Conch. 
Exch.  2:  79.  Substitute  name  for  Triodopsis 
harfordiana  W.  G.  Binney  1886. 

Definition.  Triodopsis  m.  harfordiana 
corresponds  to  T.  harfordiana  of  Pilsbry 
(1940:  (S69).  It  contains  those  populations 
of  the  species  which  have  mean  values  of 
0-5  in  character  index.  The  method  of 
computing  character  index  is  shown  in 
Table  XIII  (p.  224). 

Description.  Shell  width  8.6-10.1  mm; 
height  4.0-4.8  mm,  height  to  width  ratio 
0.43-0.51;  umbilicus  wide,  cylindrical;  num- 
ber of  whorls  4.6-5.1,  whorl  to  width  ratio 
0.47-0.53;  embryonic  whorls  1.4-1.5,  stri- 
ated below  suture,  smooth  elsewhere;  striae 
closely  spaced  on  subsequent  whorls,  about 
9-10  per  millimeter;  all  striae  about  equally 
strong,  and  equally  well  developed  on  up- 
per and  lower  surfaces  of  shell;  in  spaces 
between  striae  fine  spiral  and  transverse 
lines  and  hair-bearing  papillae  may  be 
present  (contrary  to  Pilsbry's  claim,  1940: 
870);  last  whorl  sometimes  slightly  angular 
at  its  periphery;  aperture  low  trapezoid;  lip 
swelling  moderately  thick;  upper  lip  tooth 
moderately  large,  lower  long,  bladelike; 
parietal  lamella  straight  and  long,  pointing 
above  or  at  upper  lip  tooth. 


Differential  diagnosis.  Triodopsis  m. 
harfordiana  differs  from  m.  mullani  in  its 
smaller,  flatter,  and  more  evenly  striated 
shell,  more  closely  arranged  hairs,  and 
wider  and  more  cylindrical  umbilicus. 

Distribution  and  ecology.  Triodopsis  m. 
hai-fordiana  is  confined  to  the  valley  of 
the  Salmon  River,  a  tributary  of  the  Snake 
River  (Fig.  24).  The  Salmon  River  cuts 
deep  into  the  mountains;  the  m.  harfordi- 
ana population  therefore  seems  to  be  well 
isolated  from  the  rest  of  the  species.  The 
isolation  cannot  be  a  permanent  one,  how- 
ever, since  invasions  have  occurred  repeat- 
edly (see  discussion  of  hybrids). 

The  measured  material  (5  samples,  1-3 
specimens  each,  9  specimens  altogether,  all 
MCZ )  comes  from  the  Salmon  River  Valley, 
probably  north  of  Lucile,  Idaho  County, 
Idaho;  exact  localities  are  not  given.  Some 
samples  were  collected  on  the  river  banks. 
The  elevation  of  the  area  is  about  2000- 
2500  feet. 

Variation.  Because  the  total  population 
is  small  and  the  area  restricted,  the  varia- 
tion of  Triodopsis  m.  hai-fordiana  is  very 
narrow.  A  positive  correlation  is  evident, 
however,  between  width,  height,  and  whorl 
number. 

Systematics.  Triodopsis  m.  harfordiana 
is  considered  conspecific  with  m.  mullani 
because  they  hybridize.  The  occurrence  of 
hybridization  is  indicated  by  morphological 
studies,  and  is  supported  by  the  pattern  of 
distribution. 

The  nomenclature  of  T.  m.  harfordiana 
has  had  a  rather  confusing  history,  which 
was  well  summarized  by  Pilsbry  (1940: 
870).  When  W.  G.  Binney  first  mentioned 
the  name  Triodopsis  harfordiana,  in  1878, 
he  gave  J.  G.  Cooper  as  the  author  and, 
like  Cooper,  included  in  the  species  the 
Californian  polygyrid  Daedalochila  har- 
fordiana. Having  noticed  his  error,  in  1886 
Binney  gave  a  new  description  and  a  figure 
for  Triodopsis  harfordiana,  excluding  Dae- 
dalochila harfordiana,  and  omitting  Cooper 
as  author.  In  1887,  both  Tryon  and  Ancey 
renamed  T.  harfordiana,  because  they  ar- 
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gLied  that  the  name  was  a  homonym  of" 
Helix  harfordiana.  Tryon's  name,  salmo- 
nensis,  was  used  sulDseqiiently  in  the 
hterature  until  1923,  when  the  Nomencla- 
ture Committee  of  the  American  Malaco- 
logical  Union  decided  to  drop  it  in  favor  of 
Binney's  luiifordiano.  The  Committee  felt 
that  Binney  in  1(S86  had  described  a  "new" 
species;  therefore  his  name  was  valid.  This 
usage  has  been  accepted  ever  since. 

Hybrid  populations  between   Triodopsis  m. 
mullani  and  m.  harfordiana 
Plate  VM:  7,  11 

In  a  sample  from  Salmon  River,  Idaho 
County,  Idaho,  "good"  7n.  mullani  and  in- 
termediates between  m.  mullani  and  m. 
hai-fordiana  occur  together.  The  mean 
value  of  this  sample  in  character  index  is 
35,  that  of  m.  mullani  is  40-100,  of  m. 
Jiarfordiana,  0-5.  Another  sample,  col- 
lected in  the  same  area,  contains  one  inter- 
mediate specimen  and  two  "good"  m.  har- 
fordicnia;  the  mean  value  of  this  sample  is 
15.  A  third  sample,  also  from  the  Salmon 
River,  consists  exclusively  of  intermediate 
specimens;  the  mean  value  is  35.  A  total 
ol  3  samples,  3-6  specimens  each,  12  speci- 
mens altogether. 

The  first  two  samples  are  more  variable 
than  any  other  sample  of  the  species,  which 
indicates  that  they  are  of  hybrid  origin. 
Their  geographical  distribution  is  consistent 
with  this  statement:  they  occur  in  areas 
where  both  ;/i.  mullani  and  m.  harfordiana 
live  in  proximity  (Fig.  24).  It  ai:)pears 
probable  that  after  an  earli(>r  period  of  iso- 
lation, during  which  )n.  mullani  and  m. 
Iiarfurdiana  differentiated  into  separate 
subspecies,  m.  mullani  secondarily  "in- 
vaded" lh(  area  of  ///.  harfordiana.  Be- 
cause ol  a  lack  of  internal  isolating  mecha- 
nisms, this  resulted  in  h>bridi/.ation  be- 
tween   the   two   populations. 

The  third  sample  shows  only  normal 
variation.  But  it  also  is  considered  hybrid, 
because  it  is  very  similar  to  (lu>  initative 
hybrids,  and  occurs  in  the  same  area. 

The  intergradation  between  mullani  and 


Jiarfordiana  (old  usage)  indicates  that 
these  taxa  are,  in  reality,  conspecific. 
Workers  who  treated  them  as  separate  spe- 
cies overlooked  the  intergradation.  The 
correct  names  for  mullani  and  lun-fordiana 
are,  accordingly,  m.  mullani  and  m.  har- 
fordiana. The  sample  that  contains  exclus- 
ively intermediate  specimens  was  described 
as  T.  m.  elappi  ( Hemphill,  1897,  Nautilus 
11:  74;  type  ANSP  71479).  This  name  is 
to  be  considered  invalid. 

Evolutionary  relationships.  Triodopsis 
7n.  harfordiana  can  be  considered  a  geo- 
graphic isolate  of  m.  mullani.  As  may  be 
recalled,  ni.  mullani  occupies  the  whole 
\alley  of  the  Snake  River,  whereas  m.  har- 
fordiana is  confined  to  the  valley  of  the 
Salmon  River,  a  small  tributary  thereof. 
On  this  basis,  it  appears  likely  that  m. 
harfordiana  developed  from  m.  mullani. 

Triodopsis  m.  mullani  lives  in  a  moun- 
tainous area.  The  higher  mountain  ridges 
are  likely  to  impede  gene  flow  between 
the  various  parts  of  the  population  or  even 
between  neighboring  denies.  Thus,  the 
Spokane  Rixer  population  is  pretty  well 
isolated  from  the  population  living  in  the 
upper  valley  of  the  Snake  River  (Fig.  24). 
Not  ridges,  but  the  \\  ide  open  basin  of  the 
Columbia  River  separates  the  Cascade 
Range  and  the  Rocky  Mountain  popula- 
tions. These  groups  may  in  time  become 
separate  subspecies  or  even  species. 

Sununanj.  ( 1 )  Triodoj)sis  mullani  has 
two  subspecies:  ;/K  mullani  and  m.  har- 
fordiana. Triodopsis  m.  mullani  combines 
the  former  m.  mullani,  m.  latilahris.  m. 
tuckeri,  m.  olncyae,  m.  hemphilli,  m.  hen- 
dcrsoni,  m.  hlandi  and  T.  poptdi.  Triodop- 
sis )n.  harfordiana  corresponds  to  the  former 
T.  harfordiana.  The  fornu>r  T.  //;.  maL!,ni- 
dentala  is  e\elud(>d  Irom  the  species,  and 
is  attached  to  7".  sanhuriii  as  a  synonym. 
The  ionner  T.  m.  elappi  is  considered  an 
inxalid  name,  since  it  was  gi\cMi  to  a  Inbrid 
p()l)iilali()n. 

(2)  The  two  rccogni/ixl  subspecies  are 
(|iiit('  distinct    moipliologicalK .    Tlicii-  con- 
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specificity  is  shown  b>    the  fact  that  they 
hybridize. 

(3)  Triodopsis  m.  nuiUaui  occurs  in  three 
isolated  areas  in  the  basin  of  the  Coknnbia 
River.  Triodopsis  m.  harfordiano  is  con- 
fined to  a  small  tributary  of  this  river.  The 
hybrids  occur  near  m.  harfordiana. 

(4)  Triodopsis  m.  midlani  occurs  pre- 
dominantlv  between  1500  and  6000  feet; 
rarely,  however,  it  may  occur  as  low  as 
500  feet.  Triodopsis  77i.  harfordiana  and 
the  hybrids  occur  around  2000-2500  feet. 

(5)  The  variation  of  T.  m.  muUani  is 
greater  than  would  be  expected  from  its 
relatively  small  population  and  the  rela- 
tively limited  area  it  occupies.  The  varia- 
tion of  the  aperture  may  be  correlated 
with  the  elevation;  other  characters  show 
irregular  geographic  variation.  The  mea- 
sured characters  are  statistically  correlated. 
The  variation  of  T.  m.  harfordiana  is  very 
narrow.  The  putative  hybrid  populations 
are  more  variable  than  either  of  the  par- 
ents. 

Triodopsis  sanburni  W.  G.  Binney 
Plate  VH:   15-18 

Triodopsis  sanhiimi  W.  G.  Binney,  1886,  2nd 
Suppl.,  Bull.  Mus.  Conip.  Zool.  13:  37,  pi.  1,  fig. 
9;  pi.  3,  fig.  3.  Kingston,  Shoshone  County, 
Idaho.    Paratypes  MCZ  53463  and  133029. 

Triodopsis  mullani  subsp.  magnidentata  Pilsbry, 
1940,  Monogr.  Acad.  Nat.  Sci.  Philadelphia,  No. 
3:  Land  Mollusca  of  North  America  1  (2): 
862,  fig.  499  f,  f.  Mission  Creek,  7  or  8  miles 
above  Jaques  Spur,  Nez  Perce  County,  Idaho. 
Type  ANSP  171243. 

Definition.  Triodopsis  sanhurni  com- 
bines the  taxa  formerly  known  as  T.  san- 
hurni and  T.  midlani  magnidentata. 

Description.  Shell  width  10.1-11.3  mm; 
height  5.8-7.0  mm,  height  to  width  ratio 
0.54-0.62;  umbilicus  half  covered  by  re- 
flected edge  of  aperture;  number  of  whorls 
5.5-5.8,  whorl  to  width  ratio  0.50-0.54;  em- 
bryonic whorls  1.4-1.5,  coarsely  striated  be- 
low suture;  striae  broken  into  granules 
towards  their  ends;  embryonic  shell  smooth 
elsewhere;  the  following  one  and  one-half 
whorls  with  fine  transverse  striae  and  pap- 


illae (in  contrast  to  Pilsbry,  1940:  859,  who 
claims  that  "no  hairs  and  no  regularly  ar- 
ranged points  [papillae]  such  as  appear 
in  .  .  .  T.  midlani"  are  present);  subsequent 
whorls  with  2-3  striae  per  millimeter  on 
their  upper  side,  striae  alternately  weak 
and  strong;  underside  of  shell  with  weak 
striae  only;  some  shells  possibly  with  very 
fine  spiral  and  transverse  lines  as  in  T.  mul- 
lani and  T.  devia,  but  this  cannot  be  seen 
clearly  because  shells  are  worn;  aperture 
low  square,  with  a  moderate  or  very  thick 
lip  swelling  and  moderately  large  lip  teeth; 
upper  lip  tooth  marginal  or  somewhat  re- 
ceding, lower  lip  tooth  marginal  or  a  bit 
bulging  out  of  aperture;  parietal  lamella 
large  and  straight,  sometimes  slightly  con- 
cave. 

Differential  diagnosis.  Triodopsis  san- 
burni differs  from  T.  m.  midlani  in  its 
smaller  dimensions,  larger  lip  teeth  and 
parietal  lamella,  and  tighter  coiling  of  the 
shell.  Also,  its  umbilicus  is  always  half 
covered,  whereas  that  of  m.  mullani  is  often 
open. 

Distribution  and  ecology.  Triodopsis  san- 
burni occupies  a  restricted  area  in  northern 
Idaho  (Fig.  24).  It  is  completely  over- 
lapped by  T.  771.  mullani,  a  closely  related 
form.  This  is  rather  rare  in  Triodopsis  and, 
generally  speaking,  in  any  animal  group, 
since  closely  related  forms  are  expected  to 
occur  allopatrically,  in  accordance  with  the 
theory  of  geographic  speciation.  The  T.  n. 
vulgata-fiaudulenta  and  a.  albolabris-den- 
tifera  pairs  can  be  cited  as  the  only  other 
exceptions  to  this  rule  in  Triodopsis. 

The  77ieasured  material  comes  from  the 
following  localities:  Idaho:  Shoshone  and 
Kootenai  counties  (2  samples  each,  MCZ); 
Nez  Perce  County  (ANSP).  A  total  of  5 
samples,  1-5  specimens  each,  12  specimens 
altogether. 

All  specimens  were  found  in  valleys  or 
near  lakes,  between  1600  and  3500  feet 
elevation. 

Variation.  Triodopsis  sanburni  has  rather 
a  narrow  range  of  variation,  probably  be- 
cause of  its  small  populations  and  limited 
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Table  XIV 

Measurements  of  Representative  Samples  of  Triodopsis  m.  mullani,  T.  m.  magmdentata,  and 

T.  SANBURNi.    The  Arrows  Point  Toward  the  Taxon  to  Which  magnidentata  Bears  the  Greater 

Similarity.    On  This  Basis,  m.  magnidentata  is    Considered   Synonymous   with   sanburni. 


No.  OF 

Mean  of 

Width 

Height  to 

Whorl  to 

SPECI- 

IN 

WIDTH 

WIDTH 

Name 

Remark 

Locality 

MENS 

MM 

RATIO 

RATIO 

m.  mtillani 

average 

Spokane  County, 

Washington 

11 

15.3 

0.53 

0.35 

III.   iinilldiii 

smallest,  with 
highest  whorl 

Kootenai 
County,  Idaho 

to  width  ratio 

3 

12.7 

0.50 

0.39 

m.   inagni- 

1 

Nez  Perce 

t 

drntata 

County,  Idaho 

1 

II.O 

0.51 

0.4S 

■sanburni 

Kootenai 

\/ 

i 

County,  Idaho 

4 

10.5 

0.58 

0.51 

sanburni 

Kootenai 

County,  Idaho 

5 

10.8 

0.56 

0.52 

area  of  di.stril)ution.  A  correlation  between 
.shell  width,  height,  and  whorl  number  can 
be  observed,  a.s  i.s  customary  in  Triodopsis. 
Geographically,  all  characters  vary  irregu- 
larly. 

Sy.stcmafics.  The  form  described  as  Trio- 
dopsis midlani  magnidentata  is  said  to  dif- 
fer from  T.  .sanhiirni  "by  the  strongly  de- 
pressed shape  and  the  fewer,  less  closely 
coiled  whorls"  (Pilsbry,  1940:  862).  My 
measurements  ( Table  XIV )  show,  however, 
that  magnidentata  is  nearly  identical  with 
■sanburni  in  these  supposedly  diagnostic 
features.  For  this  reason,  I  consider  7nag- 
nidentata  synonymous  with  ■sanhurni. 

EvoJiitioruiry  relationships.  Judging  from 
the  fact  that  T.  ■sanburni  is  found  in  a  much 
smaller  area  than  the  closely  related  m. 
mullani,  we  may  infer  that  it  has  evolved 
from  the  latter.  The  fact  that  it  is  com- 
pletely overlapped  by  m.  muUani  could  be 
taken  as  an  indication  that  it  evolved 
through  sympatric  sjx'ciatiou;  because,  if  it 
had  evolved  through  geographic  speciation, 
one  would  expect  it  to  be  allopatric  to  ;//. 
mtdlani.  It  is  easy  to  see,  however,  tliat  in 
a  mountainous  area  like  that  of  .sanburni, 
local  populations  can  become  isolated  and 
thus  may  speciate  even  in  the  center  of  the 
range.    Secondary  overlaj:)  could  easily  oc- 


cur afterwards.  Thus  this  case  can  be  satis- 
factorily explained  in  terms  of  geographic 
speciation. 

It  is  also  interesting  to  note  that  while 
■sanburni  has  achieved  reproductive  isola- 
tion from  m.  mullani,  another  descendant 
of  the  latter,  m.  luniordiana,  has  failed  to 
do  so,  despite  the  fact  that  morphologically 
it  is  at  least  as  dissimilar  from  m.  7judlani 
as  is  sanburni.  Thus  it  appears  that  in  m. 
]}arfordiana  the  development  of  reproduc- 
tive isolating  mechanisms  has  lagged  be- 
hind that  of  morphological  isolation, 
whereas  in  sanburni  the  two  processes  were 
concomitant.  Similar  cases  are  cited  else- 
where in  this  paper  (p.  236). 

Summary.  Triodopsis  ■sanburni  is  a  mono- 
typic  species;  it  includes  the  former  T. 
mullani  magnidentata  as  a  synonym.  It  has 
a  small  population,  a  restricted  area  of  dis- 
tribution, and  a  narrow  rangc^  of  \ariation. 
It  probably  evolved  from  the  ancestral  mtd- 
lani slock,  through  geographic  isolation. 

Triodopsis  devia   (Gould) 
Plate  VII:   1-3 

llflix  (Ictia  Could,  ISUi,  Tioc.  Boston  Soc.  Nat. 
Hist.  2:  165.  I'ugct  Sound,  Washington.  Type 
not    S('(>n. 


Systematics  and  evolution  of  Triodopsis  '  Vagvolgyi        231 


Helix  haskervUlei  Pfeiffer,  1850,  Pioc.  Zool.  Soc. 
London  for  1849,  17:  130.  Vancouver  Island. 
Type  not  seen. 

Definition.  The  name  devia  is  used  here 
ill  the  conventional  sense,  including  has- 
kervUlei. 

Description.  Shell  width  19.4-26.0  mm; 
height  12.0-17.4  mm,  height  to  \\'idth  ratio 
0.60-0.67;  umbilicus  almost  entirely  cov- 
ered by  reflected  edge  of  peristome;  num- 
ber of  whorls  about  5-6;  embryonic  whorls 
1.4-1.5,  coarsely  striated  below  suture; 
striae  broken  up  into  granules  towards  their 
ends;  subsequent  one  and  a  half  whorls 
with  papillae  and  extremely  fine  striae, 
perhaps  with  hairs  on  papillae;  remaining 
whorls  striated,  one  strong  and  two  or 
three  weak  striae  per  millimeter;  strong 
striae  rapidly  subsiding  towards  periphery 
of  whorl;  intervals  between  striae  with  ex- 
tremely fine  spiral  and  transverse  wrinkles, 
about  30  spiral  wrinkles  per  millimeter; 
deep  spiral  grooves  appearing  after  break- 
age; aperture  square,  lip  swelling  thick, 
marginal;  lower  lip  tooth  broad  and  very 
low,  located  near  columella;  upper  lip  tooth 
absent;  parietal  lamella  short,  low,  some- 
times merely  a  callosity. 

Differential  diagnosis.  Triodopsis  devia 
is  distinguished  from  the  related  species  m. 
mullani  and  sanhurni  by  its  greater  size  and 
by  the  fact  that  its  lower  lip  tooth  is  lo- 
cated nearer  to  the  columella  than  that  of 
m.  mullani  and  sanhurni. 

Distrihution  and  ecology.  Triodopsis  de- 
via occurs  in  the  coastal  area  from  Van- 
couver Island  to  Oregon  (Fig.  24).  Its 
area  is  separated  from  that  of  the  related 
species  mullani  by  the  Cascade  Range.  At 
the  point,  however,  where  the  Columbia 
River  breaks  through  the  mountains,  the 
two  species  are  in  contact.  Triodopsis  de- 
via is  restricted  to  low  elevations,  below 
600  feet.  Pilsbry  mentions  (1940:  858)  that 
it  was  found  in  damp  places. 

The  measured  material,  all  MCZ,  comes 
from  the  following  localities.  Washington: 
King  (2  samples).  Pierce,  Thurston,  and 
Clark  counties.  Oregon:  Hood  River  County. 


A  total  of  6  samples,  1-2  specimens  each, 
8   specimens   altogether. 

Variation.  No  appreciable  variation  can 
be  seen  on  the  available,  very  limited  ma- 
terial. 

Evolutionary  relationships.  Triodopsis 
devia  is  probably  derived  from  m.  mullani, 
which  seems  to  be  the  central  stock  of  the 
mullani  complex.  It  is  less  likely  that  devia 
would  be  the  ancestral  form,  because  its 
range  is  peripheral  to  that  of  m.  mullani. 
Furthermore,  7n.  mullani  shows  greater  af- 
finity than  devia  does  to  sanhurni  and  m. 
harfordiana,  the  other  members  of  the 
complex. 

Summary.  Triodopsis  devia  is  a  mono- 
typic  species,  of  limited  distribution  and 
variation.  It  prefers  low  elevations.  It  is 
probably  a  descendant  of  m.  mullani. 

Triodopsis  germana  (Gould) 
Plate  VII:  19-23 

Helix  germana  Gould,  In:  Binney,  1851,  the  Ter- 
restrial Airbreathing  Mollusks  of  the  United 
States  2:  156,  pi.  40a,  fig.  3.  Gould  gave 
"Oregon"  as  type  locahty.  Pilsbry  (1940:  974) 
restricted  the  type  locality  to  Astoria,  Clatsop 
County,  Oregon.    Type  not  seen. 

Polygyra  germana  laneouverinsitlae  Pilsbry  and 
Cooke,  1922,  Nautilus  36:  38.  Cameron  Lake, 
under  dead  liark  on  tlie  ground,  in  open  pine 
forest,  Vancouver  Island,  British  Columbia. 
Type   ANSP   44538. 

Definition.  Triodopsis  germana  combines 
two  taxa  formerly  considered  separate  sub- 
species: g.  germana  and  g.  vancouverin- 
sulae. 

Description.  Shell  width  6.6-6.8  mm; 
height  4.1-5.7  mm,  height  to  width  ratio 
0.58-0.70;  number  of  whorls  4.9-5.5,  whorl 
to  width  ratio  0.62-0.78;  umbilicus  closed 
or  almost  closed;  embryonic  whorls  1.4- 
1.5,  with  papillae  below  suture;  papillae 
arranged  in  transverse  rows;  subsequent 
whorls  with  fine  transverse  striae  and  pa- 
pillae, rows  of  papillae  becoming  oblique; 
each  papilla  bearing  a  long,  thick  hair;  last 
whorl  slightly  angular  at  its  periphery;  ap- 
erture oval  or  slightly  auriculate;  lip  swell- 
ing moderately  thick  except  near  junction 
of  upper  lip  with  shell,  where  obsolete;  no 
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lip  teeth;  parietal  lamella  long  and  straight, 
very  low,  higher  only  at  its  upper  end. 

Differential  diap.no.sls.  Triodopsis  ger- 
mane is  different  from  all  other  species  of 
Triodopsis  by  virtue  of  its  small  and  hairy 
shell,  almost  closed  umbilicus,  long  and 
low  parietal  lamella,  and  absence  of  lip 
teeth.  It  looks  very  much  like  a  Steno- 
trema.  Only  its  anatomy  shows  that  it 
belongs  in  Triodop.sis. 

Distribution  and  ecology.  Triodopsis  gcr- 
niana  is  known  from  the  coastal  region  and 
the  lower  valleys  of  Oregon,  Washington, 
and  British  Columbia.  It  never  occurs 
higher  than  500  feet  ( Fig.  24 ) .  It  has  been 
reported  from  open  pine  forests  on  Van- 
couver Island. 

Variation.  The  whorl  to  width  ratio  tends 
to  decrease  from  the  north  to  the  south. 
This  may  be  a  true  clinal  variation,  but 
one  cannot  eliminate  the  possibility  that 
chance  alone  causes  it,  since  only  a  few 
samples  are  known.  The  width  and  height 
to  width  ratio  show  slight  and  irregular 
geographic  variation. 

Sy.stematics.  Triodopsis  g.  vancouverin- 
sulae  was  subspecifically  separated  from  g. 
germana  because  it  is  "in  the  average 
smaller,  distinctly  perforate,  with  a  shal- 
lower furrow  behind  the  outer  and  basal 
margins  of  the  lip,  a  less  prominent  crest 
preceding  it.  Sculpture  as  in  germana  [g. 
germana],  but  the  hairs  generally  lost  in 
the  adult  stage"  (Pilsbry,  1940:  (S74).  These 
distinctions  ar(>  valid  if  only  the  type  popu- 
lations are  considered.  When  more  samples 
are  studied,  it  becomes  evident  that  they 
do  not  hold  true.  The  si/e  of  the  shell,  the 
furrow  behind  the  aperture,  and  the  crest 
that  precedes  it  may  be  uear]\  cciual  in  the 
two  alleged  subsjiecies.  According  to  the 
figures  by  Pilsbry  (1940:  figs.  505  C:  and 
D)  the  hairs  are  much  scarcer  in  g.  van- 
couverinsulae  than  in  g.  gcrinana.  But  in 
this  character,  too,  the  two  forms  inter- 
grade.  Consequently,  I  proj^ose  (o  consider 
g.  vancouverinsulac  synonymous  with  g. 
germana. 

The   cvolutionarij   rclationshi])s   of   7'r/o- 


dopsis  germana  are  completely  obscure.  It 
is  so  different  in  shell  characters  from  all 
other  species  of  the  genus  that  not  even  an 
approximate  guess  can  be  made  about  its 
evolutionary  relationships  with  them.  It  is 
included  in  the  subgenus  because  of  its 
anatomv  and  distribution. 

Summary.  Triodop.sis  germana  is  a  mono- 
typic  species.  The  former  T.  g.  vancouver- 
insulac can  no  longer  be  recognized  as  a 
separate  subspecies;  instead,  it  must  be 
considered  svnonvmous  with  germana.  The 
species  occurs  in  the  northern  Pacific 
coastal  region,  always  at  low  elevations.  It 
probably  shows  clinal  variation  in  whorl  to 
\\'idth  ratio,  but  in  other  characters  it  varies 
irregularly.  Its  evolutionary  relationships 
with  other  species  of  the  genus  are  obscure. 

Summary  of  Systematic  Treatment 

In  conclusion,  let  us  compare  the  classi- 
fication proposed  in  this  paper  with  that 
current  in  the  literature  (Table  XV)-  In 
contrast  to  the  19  monotypic  and  12  poh'- 
typic  species  with  41  subspecies  of  the  cur- 
rent system,  the  new  classification  recog- 
nizes only  13  monotypic  and  9  polytypic 
species  with  21  subspecies.  Thus,  the  num- 
ber of  taxa  is  reduced  from  a  total  of  60  to 
34,  that  of  the  species  from  31  to  22,  not- 
withstanding the  fact  that  some  old  taxa 
have  been  split,  and  a  new  subspecies  de- 
scribed. 

The  reduction  of  the  number  of  taxa  was 
not  the  main  goal  of  the  stud\'.  It  is  rather 
the  b\'-product  of  the  use  of  (luantitatixe 
methods  and  the  consistent  application  of 
the  biological  species  concept  of  the  group 
studied.  These  led  to  the  synonymization 
of  poorl\-  distinguished  taxa  with  recog- 
nized sjiecies  or  subsp(^cies,  and  to  the 
combination  ol  intergrading  taxa  (primary 
or  sc>condar\  )  in  one  species.  Thus  arose 
a  greatly  simplified  system. 

For  assigning  taxonomic  rank  to  closely 
related,  allopatiic-  populati(Mis,  the  "\ard- 
stick  method"  has  been  recommended 
(Mayr,  Linsley,  and  Usinger,  1953:  103). 
In    ]")rineiiil(\    the    method    is    correct,    but 
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there  seem  to  l)e  so  many  exceptions  to  it 
in  Triodopsis  that  its  use  was  abandoned. 
For  example,  Triodopsis  f.  fallax  looks  at 
least  as  different  from  T.  f.  alahamcnsis  as 
T.  tridcntato  does  from  T.  c.  complanato, 
and  yet  the  former  two  taxa  hybridize,  the 
latter  two  are  reproductively  isolated.  Sim- 
ilarly, T.  j.  jtixtidens  and  /.  stenomphoJa, 
T.  c.  copei  and  c.  cra^ini,  T.  o.  ohstricta 
and  o.  denotata,  and  T.  m.  muUani  and  m. 
harfordiana  are  morphologically  as  differ- 
ent from  one  another  as  T.  fraudidenta  or 
T.  pendida  is  from  T.  n.  vidgata,  or  T.  a. 
albolahris  from  T.  dentifcra,  or  T.  m.  mid- 
lani  from  T.  sanhurni,  yet  the  former  pairs 
interbreed,  the  latter  do  not.  Instead  of 
using  the  degree  of  morphological  similar- 
ity as  a  yardstick,  therefore,  each  case  was 
judged  on  whatever  evidence  was  avail- 
able. 

EVOLUTIONARY  PROBLEMS 

The  term  "evolutionary"  is  used  here  in 
a  broad  sense,  including  aspects  of  evolu- 
tionary biology  as  diverse  as  speciation,  iso- 
lating mechanisms,  hybridization,  and 
adaptiveness  and  irregularity  of  geographic 
xariation. 

Speciation 

The  theory  of  geographic  speciation  is 
so  firmly  established  that  one  can  take  it 
for  granted  that  it  also  applies  to  Triodop- 
sis. Nevertheless,  it  seemed  worthwhile  to 
make  a  brief  study  of  the  speciation  in  Tri- 
odopsis, which  belongs  to  a  lower  and  less 
studied  group  than  Drosophih  or  the  birds. 

The  study  consisted  of  preparing  hypo- 
thetical models,  one  for  geographical  spe- 
ciation, another  for  sympatric  speciation, 
and  comparing  the  observed  situation  with 
these  models.  If  speciation  took  place 
through  geographic  isolation,  we  should 
find  the  most  closely  related  forms,  that  is, 
the  incipient  or  very  recently  developed 
species,  occurring  allopatrically.  If  specia- 
tion took  place  according  to  the  model  of 
sympatric  speciation,  we  should  find  the 
most  closely  related  forms  occurring  sym- 


patrically.  The  distribution  of  the  more 
distantly  related  forms  is  less  illuminating, 
since  during  their  longer  existence  their 
range  of  distribution  may  have  changed 
profoundly.  In  addition,  the  evolutionary 
relationships  are  often  obscure  among  these 
older  fonns.  For  these  reasons,  the  distri- 
bution of  the  distantly  related  forms  was 
not  considered. 

Accordingly,  the  most  closely  related 
taxa  were  combined  into  pairs,  and  the 
pairs  were  classified  according  to  distribu- 
tion (Table  XVI  and  Fig.  25).  In  8  of  the 
20  cases  ( 407^ ) ,  the  members  of  the  pair 
are  spatially  separated  from  one  another, 
in  9  cases  (547^)  they  are  in  contact  or 
slightly  overlap,  and  in  3  cases  (6%)  they 
extensively  overlap. 

These  data  illustrate  that  speciation  in 
Triodopsis  was  predominantly  geographic. 
The  first  group  ( 40% )  is  clearly  indica- 
tive of  speciation  through  geographic  isola- 
tion. The  second  group  (54%)  also  indi- 
cates geographic  speciation,  since  it  is  much 
easier  to  assume  that  the  narrow  overlap  is 
secondary  than  it  is  to  assume  that  both 
overlapping  taxa  originated  in  the  overlap 
zone,  through  sympatric  speciation,  and 
are  now  moving  away  from  one  another. 
The  third  group  ( 6% )  could  possibly  be  in- 
teipreted  as  indicative  of  sympatric  speci- 
ation. But  the  T.  fraiididenta-T.  n.  vtdgata 
and  T.  m.  muUani-T.  sanhurni  pairs  occur 
in  mountainous  areas  where  spatial  isola- 
tion is  easy  to  achieve,  and  thus  it  seems 
very  likely  that  spatial  isolation  played  a 
role  in  the  formation  of  these  taxa.  Only  in 
the  case  of  the  T.  a.  albolahris-T.  dentifera 
pair  is  the  role  of  spatial  isolation  not  evi- 
dent. This  is  not  to  say  that  dentifera 
evolved  from  or  gave  rise  to  a.  albolahris 
through  sympatric  speciation.  It  merely 
points  out  that  the  distribution  of  these  taxa 
does  not  conform  to  the  pattern  generally 
considered  "normal."  One  possible  reason 
for  this  is  that  the  deceiving  morphological 
similarity  between  the  two  taxa  actually 
conceals  a  more  distant  evolutionary  rela- 
tionship. 


234        Bulletin  Museum  of  Comparative  Zoology,  Vol.  136,  No.  7 


Table  XV 
Comparison  of  the  Currently  Used  Classification  with  That  Proposed  in  This  Paper.   The  For- 
mer IS  a  Compilation  from  the  Works  of  Pilsbry  (1940),  Hubricht  (1950b,  1952a,  1952b,  1954, 

1958),  AND  LuTz  (1950). 


Current  classification 


Classification  adopted  in  this  paper 


Species 


Subspecies 


Subspecies 


Species 


tridc'iitdta 


plattjsciyoides 
hurchi    


Subgenus :    Triodopsis 

t.  tridcntata    

t.  cdentilahris     


Subgenus :    Triodo)).sis 


t.  juxtidens     __._ 

t.  discoidea    .... 
t.  comphinata 
t.  tenncsseensis 


/'.   juxtidens 
j.  steno)iipl}ahi 
j.  discoidea 

y  c.  complanata 
c.  platysoyoides 


\  trident  at  a 
\  juxlidcns 


•complanata 
btirchi 


rugosa 

fulciden    

picea  

fraudulcnta 

neglccta   

})endula    

jallax 

])ahistris   

liopctoncnsis 

messana  

vannofitrandi 


vtdltiosa 

cragini 
soelncri  . 


r.  riiposa 
r.  antcridon 


f  f.  frandulenta 
I  /.   vulgata    


n.  vulgata 


rugosa 

fulciden 

fraudulcnta 


f.  fallax 
f.  affinis 


n.  neglccta     ZIZZZZZZ     j^xeglecta 

pcnduhi 

f.  fallax 


h.  chincoteagensis 

h.  ohsoleta    

/).  claihornensis    ... 

h.  hopctoncnsis    ... 

V.  vannostrondi    ... 

V.  goniosonia    

V.  alahamensis   

V.  copci    

V.  henricttae  

V.  vultuosa   


/.  ohsoleta 


comliinrd   witli   n.   vtdgata 


hybrid 


all  except 
claihornensis 
belong  to 
species  fallax 


f.  (dahanicnsis 
c.  copei 

-j  h>]>ri(l 
.     c.  cragini 


copci 
soelncri 


denotata   

caiolinicnsis 

oh.stricla 
fostcri 

(dlidtdhiis 

dentifera    ... 
tntdtilineata 
divesia    


Subgenus:   Xolotremu 


f  o.  ohstricta  

1  o.  occidentalis    ..... 

f  f.  fosteri    

1  /.  liuhrichti     

Subgenus:    NeoJielix 

a.  alholahris  

a.  allcni 

a.  fuscolahris    

a.  major 


Subgenus:   Xolotrema 

o.  denotata 

hybrid  yohstricfa 

o.  ohstricta  J 

fombim-d   willi    Mcsodon   sargcntianus 

f.  fosteri  \ 


f.   liuhrichfi 
Su1)genus:    Ncoliclix 
(I.  (dhol(d)ris 
a.   allcni 
intcigradc 
a.   major 


J 


fosteri 


I  (dhol(ii>ris 

denlifera 

nitdtilineata 

divesta 
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Table  XV 

( Continued ) 


Species 


niullani 


Subspecies 


Subspecies 


m.   niuUaui 


Species 


Subgenus:   Crijptomastix  Subgenus:   Cryptonuistix 

populi 

m.  muUani    

in.  hcmphilli    

ni.  latilahris    

m.  tuckeri    

m.  oincyae   

;/;.  ]}cndersoni    

///.   hlandi    

/?).  cluppi    hybrid 

ni.   magnidentata    combined  with  sanhurni 

horfoidiana    m.  harfordiana 

sanhurni     sanhurni 

devia    devia 

g.  gcrmana     1 

g.  vancouvennsulae  J 


all  except 
magnidentata 
belong  to 
species  muUaiu 


germana 


TOTAL:    19  monotypic  species 

12  polytypic  species  with  41  subspecies 


13  monotypic  species 
21   subspecies  in     9  polytypic  species 


Isolating  Factors  and  Isolating 
Mechanisms 

Geographic  (spatial)  isolation,  as  shown 
above,  is  evident  in  manv  cases  in  Trio- 
dopsis.  Thus,  the  Appalachian  Mountains 
caused  isolation  and  led  to  speciation  in  c. 
complanoto-btirchi,  rugosa-fulciden,  and  /. 
juxfidem-j.  discoidea.  The  Mississippi  Val- 
ley has  been  the  barrier  between  n.  vul- 
gato-n.  negjecta,  fallax-copei,  and  a.  aJho- 
labris-o.  ollcni,  and  the  Cascade  Mountains 
the  barrier  between  m.  muUanl-devia.  A 
seemingly  uninhabited  gap  separates  c. 
complunata  from  c.  plotysayoides  (8  cases 
altogether).  Other,  less  obvious,  examples 
of  geographic  isolation  follow.  Triodopsis 
/.  fuxtidens  and  /.  stenomphala  were  prob- 
ably isolated  by  the  Delaware  River  Valley 
(Fig.  9),  o.  denotata  and  o.  obsfricta  by  the 
Ohio  River  Valley  (Fig.  21),  and  n.  vulgata 
and  pendtda  probably  by  the  Appalachian 
Mountains  (Fig.  13;  the  distribution  of 
pendtda  may  be  secondarily  altered,  how- 
ever; see  p.  180);  3  cases  altogether. 

It  is  assumed  that  the  following  pairs 
were  spatially  isolated  in  the  past,  but  the 
nature  of  the  one-time  barrier  is  not  clear. 
The  pairs  are:    tridentata-c.  coniplanata,  f. 


fallax-f.  obsoleta,  f.  alahamensis-f.  fallax, 
f.  akd)amensis-f.  obsoleta,  c.  copei-c.  cragini, 
and  7n.  mtdlani-m.  harfordiana  (Figs.  3,  17, 
20,  24);  6  cases  altogether. 

The  facts  that  river  valleys  serve  as  bar- 
riers to  dispersal,  in  the  case  of  Triodopsis 
neglecta,  falhx  copei,  albolabris;  and  pos- 
sibly of  juxtidens  and  obstricta,  whereas 
the  rivers  themselves  serve  as  agents  of 
dispersal,  in  the  case  of  juxtidens  (in  an- 
other part  of  the  range)  and  fraudidenta 
(pp.  166,  182),  at  first  seem  contradictory. 
But  there  is  no  real  contradiction  here.  The 
vegetation  that  covers  the  wide,  often 
flooded  valleys  of  the  lower  sections  of 
large  rivers,  such  as  the  Mississippi,  Ohio, 
and  Delaware  rivers,  and  the  fauna  that 
lives  in  this  vegetation,  are  natural  barriers 
to  species  of  other  habitats,  notably  upland 
and  mountain  forests.  At  the  same  time, 
the  smaller  rivers  and  creeks,  such  as  the 
Kanawha  and  the  Potomac  rivers  and  their 
tributaries,  are  just  as  naturally  carriers 
downstream  of  the  mountain-inhabiting 
populations. 

There  is  insufficient  information  on  the 
occurrence  of  behavioral  and  physiological 
isolating  mechanisms.   At  least  one  of  them 
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Table  X\T 

Classification  According  to  Distribution  of  Twenty  Closely  Related  Taxon  Pairs  of 

Triodopsis. 


A.    Members  of  pair  sepa- 
rated FROM  ONE  ANOTHER 
BY  A  BARRIER  OR  GAP 


Barrier  oh  gap 


B.     Members  of  pair  in 

CONTACT,   OR  SLIGHTLY 
OVERLAPPING 


C.     Members  of  pair 
extensively 
overlapping 


c.  coniphimita- 

c.  platusatjoides 
c.  comi)Unuita-})urchi 
rugosa-fulciden 
j.  juxfidciu-j.  dlscoidca 
It.   vulgatu-n.   ncgh'ctd 

falhix-copci 

a.  (ill)oIa]>ris-a.  (dlctii 


ni. 


mtdlaiii-dcvia 


gap  of   150  miles 

Appalachians 
Appalachians 
Appalachians 
Mississippi  Valley 

Mississippi  Valley 
Mississippi  Valley 

and  gap 
Cascade  Range 


/.   juxtidens-  hyl)iidize 

/.  sienomphohi 
f.  faUax  and  /.  o])so-  n 

leta-f.  alcdmmciuis- 
c.  copei-c.  cragini  n 

o.  ohstricia-o.  denotata  n 

in.   luidlani-in.  har-  n 

fordiana 
f.  falhix-f.   ohwicta  intergrade 

a.  albolahris-a.   major  n 

trident ata-c.  eoni])}anata 
n.   vidgata-pendtda 


n.   vuJgata- 

fraudulcnta 
(dholalnis-dentifera 
ni.   inullani-S(inJ)tirni 


TOTAL:    8 


9 


must  be  responsible  for  the  separation  of 
tridcnfata  from  c.  complanafa,  j.  iii.xtidcns. 
and  /.  faUax.  Ecological  isolating  mecha- 
nisms are  not  involved  (p.  153).  Ecolog- 
ical isolation  is,  in  any  case,  rare  in  Trio- 
dopsis. The  only  examples  I  know  of  are 
between  tridcnfata  and  c.  j)Iatijsayoidcs, 
tridcnfata  and  /.  discoidca,  and  the  Vir- 
ginia populations  of  /.  juxtidens  and  /.  stc- 
nomph(da.  Apparently  ecological  diverg- 
ence develops  much  more  slowly  than  mor- 
phological divergence  in  Triodopsis.  The 
numerous  cases  of  ecological  exclusion 
which  result  when  t\\'o  sympatric  species 
have  similar  or  identical  ecological  prefer- 
ences are  witness  to  this  statement.  Eco- 
logical exclusion  was  found  between  tri- 
dcnfata and  c.  compJanata,  tridcntata-j.  jiix- 
fidois,  tridcntata-j.  discoidca,  fridcntata-f. 
f(dl(ix,  j.  jiixtidcns-f.  falhix,  j.  juxtidcns-f. 
ohsolcfa,  ().  dcnofafa-fostcri,  and  perhaps  a. 
aUcni-inulfilincafa  ( <S  or  p(M-haps  9  cases 
altogether).  As  a  rule,  behaxioral  or  phys- 
iological isolating  mechanisms  also  develop 
more  slowly  than  do  morphological  differ- 
ence's, as  shown  by  the  long  list  of  the  sec- 
ondarily interbreeding  populations  (see 
below);  in  some  cases,  however,  they  may 
(le\('loi)  concomitantly  with  morphological 
differences,  e.g.,  between  tridcnfata  and  c. 
complantata,  n.  vtd<i,afa  and  fraiidulcnla.  it. 


vidiiata  and  pcndida,  dcntifcra  and  a.  al- 
hohil^ris.  s(nd)i(nii  and  //;.  inidlani. 

Hybridization 

The  term  h\'bridization  is  defined  b\ 
Mayr  (1963:  llO)  as  "the  crossing  of  indi- 
viduals belonging  to  two  unlike  natural 
populations  that  have  secondarily  come  into 
contact."  He  distinguishes  various  kinds  of 
hybridization.  In  Triodopsis,  the  kind  he 
describes  as  allopatric  hybridization  is  com- 
mon. It  is  found  in  5,  or  possibly  7,  of  the 
22  species:  in  jii.xtidcns,  faUax  (between  /. 
alahamcnsis  and  both  /.  fallax  and  f.  ohso- 
lcfa), copei,  ohstricta,  and  midlani.  and 
possibK'  in  nciijccta,  falhix  (between  /.  fal- 
lax and  /.  ohsolcfa),  and  alholid)ris. 

Ihbrids  are  conventionalK  recognized 
by  comparing  the  coefficients  of  \ariation; 
populations  with  high  coefficients  of  varia- 
tion ar(>  considered  Inbiids.  those  w  ith  nor- 
mal coefficients,  parents.  Hiis  methcxl 
could  not  be  t>mplo\-ed  in  Triodopsis,  since 
one  of  the  putatixc  parents  always  had 
higher  coefficients  tlian  both  the  putatixe 
hybrids  and  the  other  i)arent  (  Eig.  26). 
To  ONcrconic  this  difficiilt\.  llie  range  of 
xariation  ol  the  xarious  populations  was 
compared.  The  comparison  was  made  In 
Iwo  sliu;htl\    difleicnt  iiielhods.    Either  the 
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Figure    25.      Assumed    evolutionary  relationships    in    Triodopsis.    Solid  dots  mark  the  20  closely  related  taxon  pairs,  utilized  in 

making    up    Table    XVI.     Stippling  indicates    hybridization;    horizontal    lines,    primary    intergradation;    dashed    line,    uncertain 
relationship. 


range  was  plotted  against  population  size 
(Fig.  27),  or  the  natural  samples  were  con- 
\'erted  into  samples  of  standard  size,  and 
the  range  of  variation  of  these  standardized 
samples  was  caleulated  and  compared  (Fig. 
4;  method  adapted  from  Simpson,  1941). 
The  advantage  of  the  first  method  was  that 
it  avoided  the  use  of  the  standard  devia- 
tion, \\'hich  is  high  in  samples  with  a 
skewed  distribution  curve,  and  which,  as 
may  be  recalled,  is  the  situation  in  many 
hybrid  populations  of  Triodopsis.  The  ad- 
vantage of  the  second  method  is  its  clarity. 
Both  methods  were  used  for  species  in 
which  samples  with  skewed  distribution 
cunes  occurred.  The  second  method  was 
used  alone  in  species  with  nonnal  distri- 
bution curves. 

The  samples  which  showed  considerably 
greater  \'ariability  than  the  average  were 


considered  hybrids.  These  samples  were 
always  intermediate  between  two  "paren- 
tal" taxa,  and  they  always  occurred  in  the 
zone  of  contact  between  the  two,  or  in  a 
ring  along  the  periphery  of  one  of  them 
(the  latter  also  can  be  considered  a  con- 
tact zone,  if  we  assume  that  one  taxon  is 
presently  in  the  process  of  surrounding  the 
other  one).  The  morphological  intermedi- 
acy  and  the  described  distribution  pattern 
are  consistent  with  the  interpretation  that 
the  populations  in  question  are  of  hybrid 
origin. 

The  range  of  variation  in  the  hybrid  pop- 
ulations is  wider  than  nomial,  but  it  never 
spans  the  entire  range  of  variation  of  the 
species,  as  is  the  case  in  some  other  hy- 
brids. This  may  be  because  most  of  the 
characters  utilized  in  the  analysis  of  varia- 
tion are  polygenic;  such  characters  often  do 
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Figure  26.  Scatter  diagram  of  coefficient  of  variotion  (C.V.)  versus  mean  in  samples  of  Tr/od'opsis  tallax.  Scale  in  cfiar- 
acter  index  units.  The  coefficient  of  variation  tends  to  be  inversely  proportional  to  tfie  mean.  Tfiis  is  contrary  to  the 
expectation    that    hybrid    samples   will    show    higher   coefficients    than    do    the    parental    samples. 


enon  approaches  XN'hat  is  referred  to  as  in- 
trogression  by  Anderson  and  Hubricht 
(1938).  To  use  the  tenn,  however,  would 
not  be  quite  justified,  because  in  our  case 
onl\-  subspecies  are  involved,  whereas  in- 
trogression   is  usually  applied  to  cases  in- 


iiot  show  an  appreciable  increase  in  varia- 
tion  (Mayr,   1963:    131,  377). 

It  is  possible  that  even  supposedly  "pure" 
populations  of  T.  f.  alahamensis  have  in- 
corporated some  genes  from  /.  fallax  or  /. 
oh.solcta.  The  populations  of  /.  alahamensis 
are  definitely  more  variable  than  those  of  volving  distinct  species. 
/.  fallax  or  /.  ohsoleta  (Figs.  4,  27);  a  speci- 
men of  /.  alahamen.'iis  from  the  interior  of 
the  range  has  a  fulcrum,  which  normally 
occurs  only  in  /.  fallax.  As  the  range  of  /. 
alahamensis  is  rather  limited,  it  is  easy  to 
imagine  that  occasional  specimens  of  /.  fal- 
lax or  /.  ohsoleta  reach  the  heart  of  its 
range  and  interbreed  there  with  the  local 
f.  alahamensis  populations.    This  phenom- 


Al)AI'II\'F.NESS    OF    CFOflH.VPIIIC   V.\HI.\TIOX 

Those  characters  that  appear  in  several, 
not  directK-  related  species,  occupxing  the 
same  area  or  habitat,  can  be  considered 
adaptive  to  the  particular  area  or  habitat 
(Moore,  1949).  in  addition  to  such  lunda- 
lucntal  features  as  ha\ing  a  shell,  coiling, 
etc.,  there  are  two  shell  characters  in  Trio- 
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Figure  27.  Scatter  diagram  of  the  range  of  variation  in  character  index  versus  number  of  specimens  in  samples  of  7r/o- 
dops/s  fallax.  Vertical  scale  in  character  index  units.  The  hybrid  samples  have  the  widest  range  of  variation,  I.  alaba- 
mensis,   narrower,   I.   obso/e/o  and   f.   fatlax,  narrowest.   Curves  fitted  by  eye. 


dopsis  which  satisfy  the  above  require- 
ments. One  is  the  strong  armature  in 
mountainous  areas,  the  other,  the  smooth 
sculpture  in  valleys. 

Heavy  armatures  are  observed  in  six  spe- 
cies in  Triodopsis.  These  are:  T.  triden- 
tata,  grades  C  and  D,  rugosa,  fraudulcnta, 
f.  faUax,  c.  copei  and  m.  midlani.  Five  of 
these  fomis  occur  in  mountainous  habitats; 
thus,  tridentota,  ritgosa  and  fraudtdeyita  in 
the  Appalachians,  /.  falUix  in  the  Blue 
Ridge  Mountains,  and  m.  midlani  in  the 
Cascade  Range  and  the  Rockies.  The  sixth 
form,  c.  copei,  occurs  however  at  low  ele- 
vations, below  500  feet,  in  Texas  (Fig.  20). 
The  reason  for  its  peculiar  distribution  is 
not  known.    Another  anomaly  is  that  T.  /. 


fallax  does  not  reach  the  peak  region,  but 
stops  at  about  1500  feet  of  elevation  (Figs. 
14,15). 

In  spite  of  these  two  exceptions,  it  seems 
safe  to  conclude  that  the  heavy  armature 
is  an  adaptation  to  the  mountainous  habitat. 
This  conclusion  is  supported  by  the  case  of 
T.  tridentata,  grades  C  and  D,  and  fraiidu- 
lenta  and  /.  fallax.  These  three  forms  occur 
strictly  allopatrically  in  the  Appalachian 
and  Blue  Ridge  Mountains  ( Fig.  14 ) .  They 
do  so  probably  because  they  are  all  moun- 
tain-adapted, and  thus  they  would  compete 
for  habitats  with  each  other  if  they  oc- 
curred sympatrically. 

There  is  no  explanation,  however,  of  the 
significance  of  the  heavy  armature  in  moun- 
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tainoiis  conditions.  The  explanations  pro- 
posed so  far  appear  unlikely.  For  instance, 
Clench  (personal  communication)  sug- 
gested that  the  large  lip  teeth  and  parietal 
lamella  may  be  a  protection  against  preda- 
tors such  as  the  beetles  of  the  genus  Cy- 
chrus  and  Calosonia  (Ingram,  1950),  be- 
cause they  obstruct  the  aperture  and 
thereby  make  the  entry  of  the  predator  dif- 
ficult or  impossible.  However,  there  is  no 
clear  correlation  between  the  occurrence  of 
the  predatory  beetles  and  the  heavy  arma- 
ture in  the  snails;  the  fonner  occur  in  low- 
lands and  mountains  as  well,  the  latter, 
only  in  the  mountains  (except  c.  copei). 
Thus  Clench's  suggestion  cannot  be  the 
entire  explanation,  although  it  is  not  im- 
possible that  the  heavy  armature  does  give 
some  protection  against  predators.  Another 
obvious  explanation  could  be  that  the 
strong  armature  depends  upon  the  abun- 
dance of  lime  in  the  soil.  But  this  idea  also 
can  be  dismissed;  heavy  armatine  occurs 
on  all  kinds  of  rocks.  Archer  (193S),  who 
also  noticed  the  correlation  between  the 
armature  and  the  elevation,  did  not  pro- 
duce any  good  explanation  of  the  phenom- 
enon. Knipper's  conclusion  (  1939)  that  the 
armature  is  light  in  moist  conditions  and 
hea\\'  in  dry,  apparently  does  not  appK'  to 
Triodopsis,  because  the  higher  we  go  in 
the  mountains  the  greater  the  precipitation. 
And  (xcn  \\  it  applied  to  Triodopsis,  it 
could  not  be  the  explanation  we  are  looking 
for,  because  it  is  simi:)ly  another  statement 
of  an  observation,  not  an  explanation.  It 
should  be  mentioned  that  Knij^pcr  studied 
European  helicine  and  helieigonine  snails, 
whereas  Archer  and  1  studied  North  Ameri- 
can polygyrids  (Stoiolrotid  and  Triodop- 
sis, respectively);  this  may  explain  why 
Knipper  found  a  correlation  between  arma- 
ture and  dryness,  Arch(>r  and  I,  a  correla- 
tion between  armature  and  (>l(>vation. 

The  other  apparently  adaptive  character 
is  the  smooth  sculpture  of  the  shell.  It 
occurs  in  four  oi-  i«)ssil)ly  li\-c  spt>eies  in 
Triodop.sis,  that  live  in  valleys,  on  the  i  ixcr 
banks,  or  n(>ar  the  river.    Thus  T.  v.  com- 


planata  has  smooth  populations  in  the 
\alley  of  the  Cumberland  River,  in  Ken- 
tucky; hurchi  lives  in  the  Dan  River  valley, 
in  \''irginia;  /'.  discoidea,  in  the  Ohio  and 
Mississippi  valleys,  in  Ohio  and  Missouri; 
and  c.  plaiysmjoides,  in  the  canyon  of 
the  Cheat  Rixer,  in  West  Virginia.  Trio- 
dopsis m.  mullani  also  has  smooth  shelled 
populations,  but  the  exact  habitat  of  these 
populations  is  not  known.  These  observa- 
tions are  comparable  with  Rensch's  find- 
ings (1932).  He  wrote  that  land  snails  tend 
to  have  smooth,  glossy,  brown  shells  in 
cold  climates,  and  white  or  strongly  sculp- 
tured shells  in  hot  ones,  \^''hy  a  smooth 
sculpture  should  be  advantageous  in  cold 
climates  or  on  the  river  banks  remains, 
however,   imknown. 

Irregularity  of  geographic  variation 

According  to  Mayr  (1963:  361),  much 
of  the  geographic  \ariation  is  clinal  in  con- 
tinental species.  Two  of  his  main  reasons 
are  that  (1)  the  selective  factors  (e.g., 
climate )  change  gradually,  and  thus  the 
characters  they  act  upon  also  tend  to 
change  gradually,  and  (2)  gene  flow  tends 
to  smooth  out  differences  between  adja- 
cent populations. 

In  Triodopsis,  however,  \er\'  few  clines 
occur.  Eleven  taxa  are  distributed  over 
very  restricted  areas,  and  thus  could  not 
possibly  develop  clines.  In  the  remaining 
23  taxa,  a  total  of  86  characters  were  mea- 
sured and  mapped;  the  characters  included 
aperture,  sculpture,  keel,  fulcrum,  shell 
width,  height  to  width  ratio,  umbilicus  to 
width  ratio,  whorl  to  width  ratio,  and  up- 
per lip  tooth  to  lower  lip  tooth  ratio.  Only 
eight  charactcM's  (9.3/v)  \ar\-  clinall\".  Fixe 
clines  aic  clear  cut:  the  upper  lip  tooth  to 
lower  lip  tooth  ratio,  in  Iridciildtd:  the  lun- 
bilicus  to  width  ratio,  in  ruii,osa;  size 
(width),  in  /.  discoidea:  apeiture,  from  /. 
ohsoletd  to  /.  jdlhtx:  and  whorl  to  width 
ratio,  in  <j.erindnd.  Three  clines  are  less 
clear  cut:  the  si/e  and  aix'rtuic,  in  Iridcii- 
Idld.  and  tlic  height  to  width  ratio,  in  a. 
dllciii.    It   is  possible  that   tlie  umbilicus  to 
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\\idth  ratio  of  ru^usa  should  also  l)e  listed 
with  the  second  group.  As  examples  of 
clines,  the  variations  of  the  umbilicus  to 
width  ratio  in  T.  ruiiosa,  and  of  the  size 
(shell  width)  in  T.  j.  discoidea  are  illus- 
trated (Figs.  7,  12).  Irregular  geographic 
variation  is  exemplified  by  the  variation  of 
size  and  sculpture  in  the  former  and  that 
of  sculpture  in  the  latter  taxon  (Figs.  8, 
12). 

The  scarcity  of  clines  in  Triodopsis  is  evi- 
dently at  variance  with  the  expectation. 
The  probable  explanation  is  as  follows. 
First,  selective  forces  different  from  those 
affecting  large  animals  act  upon  Triodopsis 
( or,  speaking  generally,  upon  small  ani- 
mals). Thus,  for  small  animals  the  micro- 
climatic factors  are  of  prime  importance, 
whereas  for  large  ones,  the  macroclimatic 
factors  are  the  most  important.  Second,  the 
forces  acting  upon  small  animals  vary  more 
irregularly  than  those  acting  upon  large 
ones.  It  is  easv  to  see  that  the  microclimate 
of  a  cool  and  humid  northern  slope  con- 
trasts sharply  with  that  of  a  warm  and  dry 
southern  slope,  or  that  of  an  open  plateau 
with  that  of  a  ravine;  all  of  these  places 
may,  of  course,  share  a  very  similar  macro- 
climate.  Since  such  habitats  may  occur  re- 
peatedly within  one  area,  the  resulting  ir- 
regular variation  is  only  to  be  expected. 

It  is  most  unlikely  that  absence  of  gene 
flow  would  cause  the  irregularity  of  geo- 
graphic \'ariation  in  Triodopsis,  even 
though  land  snails  are  often  ( I  think  unjus- 
tifiably) cited  as  examples  of  sedentary  spe- 
cies. Gene  flow  is  observable  in  several 
species.  Cases  in  which  the  hybrids  form 
a  ring  around  the  range  of  subspecies  A 
(Figs.  17,  20,  21)  can  best  be  explained 
by  immigration  (gene  flow)  from  subspe- 
cies B  into  the  scarcely  inhabited,  periph- 
eral area  of  subspecies  A,  and  subsequent 
interbreeding  there  between  B  and  A.  The 
gene  flow  cannot,  of  course,  be  restricted 
only  to  the  peripheral  areas,  but  must  also 
occur  inside  the  range.  Additional  evidence 
of  the  occurrence  of  gene  flow  is  the  fact 
that  the  hybrid  zone  between  /'.  jiixtidens 


and  /.  stenonipJtala  does  not  quite  coincide 
with  the  valley  of  the  Delaware  River, 
which  presumably  was  once  the  isolating 
barrier  between  them,  but  lies  east  of  that 
valley  (Fig.  9).  It  seems  that  there  is  a 
"gene  overflow"  from  the  side  of  /.  jiixtidens 
toward  /'.  stenompluda  (the  latter  has  a 
much  smaller  population),  across  the  Dela- 
ware River  valley.  The  "introgression" 
from  T.  f.  fallax  to  /.  cdahamcnsis  also  sup- 
plies evidence  of  gene  flow,  as  discussed 
above.  Thus  irregular  geographic  varia- 
tion apparently  occurs  in  spite  of  gene  flow, 
not  because  of  a  lack  of  it. 

SUMMARY 

( 1 )  With  the  use  of  quantitative  methods 
and  the  application  of  the  biological  spe- 
cies concept,  the  systematics  of  the  genus 
Triodopsis  has  been  revised.  One  species 
has  been  divided  into  three  separate  spe- 
cies, and  a  new  subspecies  has  been  de- 
scribed. Nevertheless,  because  of  repeated 
synonymizations  the  number  of  taxa  has 
been  reduced  from  60  to  34,  that  of  the 
species  from  .31  to  22.  In  detail,  the  num- 
ber of  monotypic  species  has  been  reduced 
from  19  to  13,  polytypic  species  from 
12   to   9,    and    subspecies    from    41    to   21. 

( 2 )  There  is  overwhelming  evidence  that 
speciation  in  Triodopsis  is  predominantly 
geographic.  Of  20  analyzed  cases,  this  is 
virtually  certain  in  8,  very  likely  in  9,  prob- 
able in  2,  undecided  in  1.  Geographic  iso- 
lating barriers  are  common.  Thus,  the  Ap- 
palachian Mountains  served  as  such  in  4 
of  the  20  analyzed  cases,  the  Cascade 
Mountains  in  1,  the  valley  of  the  Missis- 
sippi River  in  3,  the  Ohio  River  in  1,  the 
Delaware  River  in  1,  a  gap  between  the  two 
speciating  populations  in  1;  in  only  6  cases 
can  no  obvious  geographic  barrier  be  dis- 
cerned  (3  cases  overlap). 

Reproductive  or  behavioral  isolation,  but 
particularly  ecological  isolation,  may  de- 
velop much  more  slowly  than  do  morpho- 
logical differences,  and  one  kind  of  isolat- 
ing mechanism  may  precede  the  other.  For 
this  reason,  the  "yardstick  method"  of  judg- 
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ing  the  degree  of  biological  distinctness 
solely  on  the  basis  of  morphological  dis- 
tinctness has  been  abandoned. 

(3)  Allopatric  hybridization  is  common 
in  Triodopsis.  It  occurs  in  5  or  possibly  7 
of  the  22  species.  Some  authors  have  con- 
sidered as  taxonomically  distinct  some  of 
the  hybridizing  populations  or  the  hybrids. 
However,  these  taxa  have  not  reached  either 
reproductive  or  ecological  isolation;  this 
opinion,  therefore,  is  apparently  incorrect. 

The  hybrid  populations  are  recognized 
by  their  greater  variation,  morphological 
intermediacy,  and  occurrence  in  the  zone 
of  contact  bet\veen  the  parental  popula- 
tions. The  range  of  variation  \\'as  used  for 
ascertaining  the  extent  of  variation;  coeffi- 
cients of  \ariation  could  not  be  used  for 
such  purposes. 

(4)  A  strong  development  of  the  aper- 
ture appears  to  be  an  adaptation  to  moun- 
tainous habitats,  a  smooth  shell  sculpture  an 
adaptation  to  valley  habitats.  Strong  arma- 
ture is  found  in  6  of  the  22  species,  smooth 
sculpture  in  4.  The  significance  of  these 
adaptations  is  imknovvn. 

(5)  The  geographic  variation  is  predom- 
inantly irregular.  Only  (S  clines  have  been 
lound  among  the  86  cases  analyzed.  This 
is  unexpectedK'  few  in  continental  species. 
It  is  theorized  that  the  irregularity  of  the 
geographic  variation  is  due  to  irregularly 
changing  factors  such  as  the  microclimate. 
The  notion  that  lack  of  gene  flow  is  re- 
sponsible is  rejected;  gene  flow  is  evidenced 
by  the  ring-shaped  distribution  of  hybrids 
around  some  subspecies,  "gene  overflow" 
from  7'.  /.  juxtidens  to  /.  stcnoniphala  across 
the  ]3elaware  River  valley,  and  "introgres- 
sion"  Irom  T.  f.  fallax  and  /.  ohsolcld  into 
/.  (lidhcnucnsis. 
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Plate  I.  The  Jnodopsh  tridentala  and  rugosa  complexes.  1-8,  Triodopsis  fridentata-.  1  and  7,  aperture  grade  A,  Wil- 
liston,  Vermont;  2,  aperture  grade  B,  Bethel,  Pennsylvania;  3,  aperture  grade  C,  Moores  Hill,  Indiana;  4  and  8,  aperture 
grade  D,  Murphy,  North  Carolina;  5-6,  edentilabris,  considered  synonymous  with  tridentata,  aperture  grade  A,  types, 
"Cumberland  Mountains.  "  9-11,  Triodopsis  c.  complanala-.  9-10,  Jamestown,  Kentucky;  11,  Boone,  Tennessee.  12-14, 
Triodopsis  burchi:  12  and  14,  paratypes;  13,  holotype,  Danville,  Virginia.  15-18,  Triodopsis  rugosa-.  15,  paratype,  Blair, 
West  Virginia;  16,  Big  Stone  Gap,  Virginia;  17-18,  anteridon,  considered  synonymous  with  rugosa,  paratypes.  Valley 
Forge,  Tennessee.  19-21,  Triodopsis  lulciden,  Conover,  North  Carolina.  Figures  1-8  are  magnified  X  1-6;  figures  9-11, 
X     1.5;    figures    12-21,     X     2.2. 
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Plate  II.  The  Triodopsis  juxtidens  and  fraudulenta  complexes.  1-11,  Triodopsis  juxtidens:  1-2,  /'.  juxtidens,  Flatbrook- 
ville.  New  Jersey;  3,  /'.  juxtidens,  Richmond,  Virginia;  4  and  6,  hybrid  ;'.  juxtidens  X  /•  slenomphala,  Bedford,  Virginia; 
5,  hybrid,  Newark,  New  Jersey;  7,  /'.  sfenompha/o.  Dry  Fork,  Virginia;  8-9,  Jenkinfown,  Pennsylvania;  10-11,  ;'.  discoi- 
dea,  Cincinnati,  Ohio.  12-20,  Triodopsis  neglecta-.  12-14,  n.  vulgata,  Ann  Arbor,  Michigan;  15-17,  n.  vulgata  approach- 
ing n.  neglecta,  Huntsville,  Alabama;  18-20,  n.  neglecta,  Eureka  Springs,  Arkansas.  21-23,  Triodopsis  Iraudulenta,  Lewis- 
burg,  V/est  Virginia.  24-26,  Triodopsis  pendula-.  25,  holotype;  24  and  26,  paratypes.  Hanging  Rock  State  Park, 
North    Carolina.      Figures    1-9    and     12-26    magnified     X     1-5;     10-11,     X     1-9. 
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Plate  III.  The  Tr/'odops/s  lallax  complex.  1-15,  Triodopsis  lallax:  1,  6,  and  7,  f.  obso/efa,  aperture  grade  A,  Trenton, 
North  Carolina;  2,  f.  obso/efo,  paratype,  aperture  grade  A,  Newbern,  North  Carolina;  3,  I.  obsoleta,  aperture  grade  B, 
Rich  Square,  North  Carolina;  4,  f.  fallax,  aperture  grade  C,  Marion,  South  Carolina;  5,  f.  fallax,  aperture  grade  D,  Sea- 
grove,  North  Carolina;  10,  f.  lallax,  aperture  grade  D,  Chestertown,  Maryland;  11,  I.  lallax,  aperture  grade  D,  Draper, 
North  Carolina;  8  and  13,  hybrid  of  I.  o/obomensis  with  I.  fallax  or  t.  obso/efo,  or  intermediate  between  the  latter 
two  subspecies,  Aiken,  South  Carolina;  12,  hybrid,  Hartwell,  Georgia;  9,  14,  and  15,  f.  o/abomensis,  Langdale,  Alabama. 
16-20,  Triodopsis  copei:  16,  c.  cragini,  aperture  grade  B,  Arkadelphia,  Arkansas;  17-18,  c.  cragini,  aperture  grade  B, 
Chetopa  Creek,  Kansas;  19,  hybrid  c.  cragini  X  c.  copei,  aperture  grade  C,  Macdona,  Texas;  20,  c.  copei,  aperture  grade 
D,    Neches,    Texas.     Figures    1-15    are    magnified    X     1-5,    16-20  X  2. 
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Plate  IV.  The  Triodopsis  obstricta  complex.  1-6  and  12,  Triodopsis  obstricto:  1  and  4,  o.  denotata,  angularity  #  1, 
North  Adams,  Massachusetts;  2,  hybrid  o.  obstricto  X  o.  denotata,  angularity  #  2,  Mt.  Carmel,  Illinois;  3,  hybrid,  angu- 
larity #3,  Frierson  Mills,  Louisiana;  5-6,  o.  obstricta,  angularity  #4,  Nashville,  Tennessee;  12,  sculpture  of  o.  denotata, 
a  portion  of  the  last  whorl  shown,  Annandale,  New  York.  7-11,  Triodopsis  fosteri:  7-9,  f.  losteri,  paratypes,  Elizabeth- 
town,  Illinois;  10-11,  f.  hubrichti,  parotypes,  Valmeyer,  Illinois.  Figures  1-6  are  magnified  X  1-5;  7-9,  X  1-6;  10-11, 
X  1.4;  12,  X  40. 
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Plate  VI.  Triodopsis  dentifera,  multilineata,  and  divesta.  1-3,  7r/'odopsis  dentifera-.  1,  Rangeley,  Maine;  2,  Carrigoin 
[or  Cardigan?]  Mountain,  New  Hampshire;  3,  Vermont,  labelled  as  "?  cotype."  4-7,  Triodopsis  multilineata:  4,  algon- 
quinensis,  cotype,  considered  synonymous  with  multilineata,  Algonquin,  Illinois;  5,  Cincinnati,  Ohio;  6,  Mt.  Carmel,  Illi- 
nois; 7,  Bluffton,  Indiana.  8-10,  Triodopsis  divesta-.  8,  Hot  Springs,  Arkansas;  9,  "Oklahoma";  10,  Cherokee  County, 
Oklahoma.     All    figures    magnified    X    1.35. 
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Plate  Vll.  The  Tr/odops/s  mullani  complex.  1-3,  Triodopsis  devia,  Olympla,  Washington.  4-14,  Triodops/s  muUani: 
4-6,  m.  harfordiana,  Salmon  River,  Idaho,  4  and  6  cotypes,  7  and  11,  hybrid  m.  harfordiana  X  rn.  mullani,  Salmon 
River,  Idaho;  8,  blandi,  Post  Falls,  Idaho;  9,  hendersoni,  Weiser,  Idaho;  10  and  13,  oineyae,  Selwoy  Falls,  Idaho;  12, 
o/neyae,  Libby,  Montana;  14,  oineyae,  "Idaho";  the  latter  three  forms  are  considered  synonymous  with  m.  mullani. 
15-18,  Triodopsis  sanburni:  15  and  18,  Kingston,  Idaho;  16,  Coeur  d'Alene  Mountains,  Idaho;  17,  Old  Mission,  Idaho. 
19-23,  Triodopsis  germana-.  19,  Knapton,  Washington;  20-21,  Astoria,  Oregon;  22-23,  vancouverinsulae,  considered  syn- 
onymous   with    germana,    Vancouver,    British    Columbia.      Figures    1-18    magnified     X  1-45;     19-23,     X  2.30. 
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ABSTRACT 

The  discovery  of  a  horizon  rich  in  frogs 
in  the  lower  early  Cretaceous  of  Makhtesh 
Ramon,  Israel,  is  recorded,  and  the  geology, 
age,  paleoecology,  fauna,  flora,  and  climate 
are  discussed.  Articulated  frog  skeletons 
comprise  most  of  the  fauna.  They  are  de- 
scribed as  two  new  pipid  genera  including 
three  species:  Thomcilioctis  rostriceps,  800 
specimens;  Cordicephalus  gracilis,  49  spec- 
imens; and  Cordicephalus  longicostatus,  14 
specimens.  All  species  are  aquatic,  variable, 
and  represent  a  melange  of  21  primitive 
and  16  specialized  characters.    In  all,  the 


pelvis,  skull,  and  pectoral  girdle  are  highly 
variable,  the  limbs  less  so.  The  skull,  pelvis, 
and  limbs  are  essentially  specialized,  the 
column  and  pectoral  girdle  primitive.  Tho- 
raciliacus  is  more  aquatic,  variable,  and 
specialized  than  Cordicephahis,  yet  both 
are  the  most  primitive  and  earliest  sure 
pipids  known.  The  thoraciliacid  line  is  re- 
lated to  South  American  and  African  Cre- 
taceous pipoids;  it  flourished  in  the  Cre- 
taceous, and  became  extinct  in  the  Tertiary, 
while  Cordiccpludus  is  on  the  ancestral  line 
of  Tertiary  xenopids.  Reevaluation  of  pipid 
classification  does  not  support  a  separate 
family  for  Cretaceous  pipoids  which  may 
be  referred  to  Recent  Pipidae. 

Ramon  pipids  suggest  that  pipids  pursue 
a  progressive  primary  aquatic  adaptation, 
this  operating  as  the  main  evolutionary  se- 
lective factor  since  their  probable  Triassic 
origin  from  proanurans.  Pipids  have  prob- 
ably never  been  taxonomically  prolific,  but 
their  record  suggests  a  rapid  basic  diversi- 
fication, extinctions,  and  slower  later  evo- 
lution. Evolutionary  trends  since  early  Cre- 
taceous times  involve  a  series  of  structural 
changes,  explicable  as  progressive  improve- 
ments in  aquatic  adaptations.  Pipids  had 
an  almost  worldwide  distribution  in  Cre- 
taceous and  probably  Upper  Jurassic  times, 
but  their  center  of  origin  is  still  obscure. 


'  Department  of  Zoology,  The   Hebrew   Univer- 
sity, Jerusalem,  Israel. 


INTRODUCTION 

The  fossil  record  of  Anura  is  traceable 
back  to  the  early  Jurassic,  yet  our  ideas  of 
the  evolution  of  frogs  are  still  mainly  de- 
Bull.  Mus.  Comp.  ZooL,  136(8):   255-318,  February,  1968        255 
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rived  from  studies  of  Reeeiit  forms  (Grif- 
fiths, 1963;  Tihen,  1965).  This  fact  stems 
from  a  general  conviction  that  the  fossil 
record  is  incomplete,  that  fossil  frogs  are 
scarce,  and  that  those  know  n  are  essentially 
modern  in  their  osteolog\'.  The  first  of 
these  views  is  still  justified  so  far  as  the 
early,  presumably  Triassic,  transition  period 
from  proanurans  to  anurans  is  concerned. 
The  gap  between  the  earliest  known  true 
frog,  ViciacUa  Iwrhstii  ( Reig,  1961 )  from 
the  Lower  Jurassic  of  Argentina,  and  the 
possible  ancestor,  Triadohutraclius  inassi- 
noti  (Piveteau,  1937)  from  the  Lower 
Triassic  of  Madagascar,  is  still  neither  docu- 
mented by  fossils  nor  in  any  way  ilhuni- 
nated  by  Recent  frogs.  This  gap  can  only 
be  expected  to  be  bridged,  at  least  in  part, 
when  future  finds  from  continental  Trias- 
sic deposits  unveil  the  transitional  fonns 
which  linked  proanurans  to  anurans. 

However,  recently  discovered  fossil  evi- 
dence (Nevo,  1956,  1964b;  Reig,  1957, 
1959,  1961;  Ilecht,  1963;  Casamiquela, 
1961a,  b,  1965;  Spinar,  1963;  Estes,  1964) 
has  partly  elucidated  patterns  of  Jurassic 
and  Oetaceous  frog  evolution.  Our  knowl- 
edge of  early  anuran  history  has  greatly 
increased  during  the  last  few  years  and 
has  been  partly  reviewed  b\  Hecht  (1963). 
Significantly,  the  recent  finds  of  large  col- 
lections, involving  complete  frog  skeletons, 
consist  iiiaiiiK'  of  aquatic  forms  from  the 
Cretaceous  of  South  America,  South  Africa, 
Asia,  and  the  Tertiary  of  Europe.  Most 
other  fossil  frogs  are  fragmentary,  appar- 
ently the  result  of  the  preservation  char- 
acteristic oi  terrestrial  habitats. 

The  available  record  of  fossil  frogs  con- 
firms ill  |)art  earlier  evolutionary  hypoth- 
eses based  on  Recent  forms,  negates  others, 
and  contributes  to  the  i")ostulation  of  new 
ideas.  It  suggests  the  Triassic  as  the  transi- 
tion [)eriod  from  proanurans  to  anurans.  It 
indicates  the  existence  of  three  (and  im- 
plies the  presence  of  a  fourth)  indepen- 
dent aiiiiiaii  ollslioots  in  Jurassic  times 
consisting  ol  tlic  lainilies  Aseapliidae,  Dis- 
coglossidae,     I'ipidae.     and     possibK'    some 


more  advanced  frog  families.  The  record 
suggests  two  major  adaptive  radiations: 
first,  an  aquatic  radiation  during  the  Tri- 
assic and  Jurassic;  second,  a  terrestrial  one 
during  Jurassic  and  Cretaceous  times  con- 
tinuing into  the  Tertiary.  Finally,  the  rec- 
ord suggests  possibilities  for  the  objective 
evaluation  of  variation,  evolutionary  trends, 
phylogenetic  and  paleogeographic  patterns. 

The  present  paper  is  a  first  part  of  pop- 
ulation studies  on  a  collection  of  early  Cre- 
taceous frogs  from  Makhtesh  Ramon,  Is- 
rael ( Nevo,  1964b ) .  The  amphibian  zone, 
encountered  accidentally  during  geologi- 
cal studies  in  Makhtesh  Ramon  in  1954 
( Nevo,  1956),  has  already  yielded  863  post- 
metamorphic,  mostly  articulated,  frogs,  one 
tadpole,  and  recently  14  urodeles  (Nevo, 
1964a).  The  frog  collection  consists  of 
two  genera  comprising  three  species  of 
aquatic  pipid  frogs.  This  paper  describes 
the  geology,  environment  and  age  of  the 
amphibian  bed,  and  the  morphology  and 
systematic  relationships  of  the  new  forms. 
Pipoid  classification  is  reviewed,  suggesting 
that  all  hitherto  known  Cretaceous  pipoids 
should  be  allocated  to  the  Recent  famiK 
Pipidae.  Finally,  the  phylogeny,  evolu- 
tionary tr(>nds  and  paleogeography  of  pip- 
oids as  suggested  b\  this  study  are  pre- 
sented. 

It  is  my  conviction,  explicitly  reflected  in 
the  population  studies,  that  the  available 
fossil  record  of  frogs,  particularly  of  aqua- 
tic forms,  is  more  complete  than  has  been 
realized  and  that  it  permits  a  more  objec- 
tive approach  to  evolutionary  studies.  Fur- 
thermore, as  I  w  ill  later  report,  the  Ramon 
collection  proved  suitable  for  demographic 
analysis  both  intra-  and  interspecificalK , 
providing  insight  into  population  structure 
and  (bnainies  of  Cretaceous  pipid  frogs. 
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Lundelius  for  their  tedious  editorial  contri-  the  prerequisite  environment  for  the  even- 

butions.     Special   thanks   are   due    Mr.   Eli  tual  flourishing  of  the  amphibians  in  early 

Minkoff  who  gave  much  of  his  time  in  dis-  Cretaceous  times. 

cussion  and  statistical  analysis.   I  am  grate-  Amphihion  Hill    In  Makhtesh  Ramon,  a 

ful  to  the  following  persons  for  either  pro-  regionally     widespread     alkaline     basaltic 

viding  or  exchanging  material:    Drs.  J.  L.  sheet,    0-70   m    thick,    underlies    the    main 

Perret,  Cameroons;  G.  Reverberi,  Palermo;  Lower    Cretaceous    sandstones,    forming    a 

C.  A.   du  Toit,   Stellenbosch;   O.   A.   Reig,  band  along  much  of  the  surrounding  cliffs 

Buenos  Aires;  Ch.  Stadie,  Kiel;  A.  G.  C.  of  the  cirque.    The  basalt  sheet  in  western 

Grandison,  British  Museum   ( Natural  His-  Ramon  ( PI.  1  A,  B )  consists  of  two  distinct 

tory),  London;  R.  F.  Inger,  Field  Museum,  flows.    The  amphibian  zone  is  located  be- 

Chicago;    C.    M.    Bogert,    R.    G.    Zweifel,  tween  the  two  flows,  extends  over  0.25  km-, 

American     Museum    of    Natural     History,  and  comprises  few  outcrops,  the  main  one 

New  York;  M.  Wahrburg,  Adelaide.    Some  being  2.5  m  thick  and  20.0  m  long  (Figs, 

of  the  photographs  were  prepared  in  Dr.  1,  2,  3;  PI.  1  B,  C).    The  rock  consists  of 

Estes'  laboratory;  I  am  thankful  to  him  for  fine   varve-like   alternating   dark   and   light 

his  courtesy  and  time  expended.  laminations.     The    light    laminations    com- 
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prise     silt     and/or     fine-grained     angular 
quartzitic  sandstone  intermixed  with  clays, 

C  TOO     Dl        TO 

rigs.  I,/,  o;ris.  i,/  while  the  dark  laminations  are   chiefly  li- 

Generol.    Makhtesh  Ramon,  the  central     monitic.    Some  laminations  are  continuous 

breached  part  of  the  Ramon  anticlinorium      while   others   taper  gradually  or   abruptly. 
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N  30°  32' 20" 
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Figure  1.      Location  and  geological  map  of  Makhtesh  Ramon. 


Miniature  cross  bedding  is  \isible  in  thin 
cross-sections  (Pi.  1  D).  The  entire  sec- 
tion contains  sexeral  thousand  laminations, 
a  pair  of  dark  and  light  laminae  forming  a 
"varve. "  The  chemical  analysis  oi  the  rock, 
in  percentages,  is  as  follows:  SiO^ — 54.04; 
Al.O.,— 16.21;  TiO,— 2.71;  Fe,6,— 6.82; 
FeO_0.18;  MnO— 0.06;  MgO— 0.99;  CaO— 
1.02;  Na.O— 0.75;  K,0— 10.00;  P,0,— 0.50; 
_H.,0— .3.20;  -fH:,O^.08;  Organic  mate- 
i-ial— O.OS;  CI— traces;  S,  SO,— 0.00;  CO,— 
0.00;  NO,,  B,  F— 0.00.  The  section  contains 
\()lcanics,  chiefK'  basalt,  ash.  tutls,  lapilli 
and  bombs,  indicating  surroiniding  centers 
of  erui^tion.  joints  and  minor  faults  abound 
ill  (he  scdiiiiciil.  wliich  is  (hthiscd  with 
liiiioiiitic  led  and  black  crusts  rellecting 
diagenetic  processes. 

The  numerous  fossil  frogs  are  une(iually 
disliibuted  throughout  the  deposit,  \  icld- 
iiig  on  flic  average  some  ten  si)ecimens  per 
cubic  meter.  The  number  ol  frogs  in  the 
whole  bed  runs  into  the  thousands,  onl- 
iiumberiiig  all  other  remains.  In  all,  (S63 
adult  Irogs  and  one  tadpole  ha\c  been  col- 
lected, compared  with  14  urodeles,  two 
dinosaurian  teeth,  and  plant  remains.  No 
other  animal   remains   wcic   found.    W'hile 


the  amphibian  burial  assemblage  was  in 
situ,  as  indicated  by  the  complete  articu- 
lated skeletons,  this  was  not  true  for  all 
plant  species,  some  of  which  were  second- 
aril\'  accumulated  in  the  deposit. 

Age  of  the  innphihicm  zone  (Fig.  2).  The 
Lower  C'retaceous  sequence  unconform- 
abl\'  o\erlies  strata  of  Jurassic  age  ( Nevo, 
1955),  and  underlies  those  of  Cenomanian 
age  ( Bentor  and  Vroman,  1951);  for  a  list 
of  Jurassic  and  C^'nomanian  fossils  refer  to 
I'igure  2.  Abundant  plant  remains  occur 
throughout  the  scciuence  (Pi.  2);  some  in- 
dicate a  general  Lower  Cretaceous  age, 
whereas  others  point  definitely  to  a  pre- 
Albian,  probably  Neocomian  age.  W'eicli- 
■sclid  reticulata  Stokes  and  Webb  occurs 
throughout  most  of  the  sequence  ( Shilo 
and  Ne\(),  1955),  indicating  a  Lower  Cre- 
taceous age  (Teixeira,  1948).  Figure  2 
lists  the  plant  assemblage  associated  with 
the  h).ssil  frogs  (described  b\  Lorch,  1963). 
The  species  BrachiiphijUum  obesmn  Ileer, 
('l(i(l()))hlel)i.s  cf.  hroHiiiana  Ouuker,  Cla- 
(lophlehis  cf.  (lt(nkeri,  and  De.sniiopliiiUiini 
zeillerianinn  are  conunon  in  the  W'ealden, 
indicating  a  pre-Albian,  probably  a  Neo- 
comian   age    (Teixeira,    1948).     A    second 
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Figure  2.     Generalized  columnar  secton,  Lower  Cretaceous  western  Makhtesh  Ramon. 
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Coord.    1236/9945 
Altitude  :   720  m. 


Figure    3.      Geological    cross-section    (diagrammatic)    through    Amphibian    Hill,    Makhtesh    Ramon    (Longitude:     E    34°    43'    36" 
Lotitude:    N  30°  32'  20"). 


plant  assemblage,  some  100  m  above  the 
former,  in  which  WcicJi.sclia  reticulata  is 
associated  with  other  filicales,  gymno- 
sperms,  and  dicotyledons,  has  been  assigned 
an  Albian  age  (  Lorch,  1963).  A  further 
confirmation  of  the  pre-Albian,  probabK 
Neocomian,  age  of  the  amphibian  bed  is 
furnished  by  the  marine  intercalation  of  the 
Lower  Cretaceous,  situated  some  75  m 
above  the  amphibian  zone  (Fig.  2).  The 
intercalation  contains  \arious  ostraeids, 
aiiioiig  them  Exo<s,i/ra  tuberculijera  Koch 
and  Dunker,  which  ranges  from  the  \'a- 
langinian  to  the  Aptian,  and  is  common  in 
the  Neocomian  ol  lunopc*  (Woods,  1912). 
its  occurrence  indicates,  at  the  most,  an 
Aptian  age  loi  the  marine  intercalation 
(Mishnaevski,  personal  communication ). 
In  any  event,  since  the  amphibians  occur 
near  ihc  bottom  ol  the  section,  the\  i)clong 
to  the  lower  part  of  the  Lower  Cretaceous. 
No  foraminifers  or  ostracods  were  found 
in  the  marine  intercalation.     The  low    con- 


centrations as  well  as  the  unfaxorable  ra- 
tios in  w  hich  Ru,  Sr,  K  and  Ar  occur  in  the 
lower  and  upper  basalts  make  these  rocks 
extremely  difficult  for  absolute  age  deter- 
minations ( Mazor,  personal  communica- 
tion). 

PALEOECOLOGY 

('linuitc.  Sexcral  lines  of  e\idence  sug- 
gest a  humid-warm  climate  in  the  Ramon 
area  during  Lower  Cretaceous  times.  The 
first  is  the  nature  of  the  fossil  frogs  and  the 
dinosaurian  teeth.  Th(>  frogs  bc>long  to  the 
i'ipidae.  a  purcK'  aquatic  frog  family,  com- 
prising three  genera  and  fifteen  species, 
restricted  today  to  tropical  and  subtropical 
re  gions  of  South  America  and  Africa.  The 
worldwide  distribution  of  dinosaurian 
faunas  in  early  (Cetaceous  times  also  im- 
[)lies  tropical  or  subtropical  climates  (C'ol- 
bert,  1964).  The  second  is  the  formation 
of  red  laleritic  cla\'e\'  soil  during  the  \ol- 
canic  Lower  Cretaceous  basalt  phase,  par- 
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ticularly  following  the  lower  basalt  flow  nitrates,  phosphates,  and  carbonates,  high 
and  preceding  the  lake  period.  The  third  stagnation,  poor  aeration  and  not  inf re- 
is  the  abundance  of  fluvio-deltaic  sedi-  quent  ash  falls  from  the  surrounding  vol- 
ments  abounding  with  kaolinitic  clays  and  canoes.  In  all,  the  fauna  was  very  poor  in 
rich  in  wann-type  flora  in  early  Cretaceous  species,  apparently  reflecting  the  general 
times.  Finally,  Lowenstam  (1964),  using  unfavorable  condition  of  the  lake  water. 
Urey's  oxygen  isotope  method,  estimated  The  food  sources  of  the  frogs  and  urodeles 
average  temperatures  of  24°  C  for  marine  remain  a  riddle, 
waters  of  Albian  times  at  30°  N,  as  com- 
pared with  21°   C  at  present.  MATERIALS  AND  METHODS 

Environment.  The  following  habitat  Field  tcork.  This  study  is  based  on  863 
picture  has  been  inferred  from  the  geo-  postmetamoriihic  fossil  frogs  of  which  344 
logical,  chemical,  climatic,  and  biological  were  studied  in  detail.  All  the  material  was 
data  presented  above.  The  evidence  sug-  collected  by  the  author  and  many  col- 
gests  that  the  frogs  inhabited  a  small,  shal-  leagues  during  the  period  1954-1962  from 
low,  freshwater  lake  having  an  outlet.  A  the  same  outcrop  in  western  Makhtesh 
rich  littoral  vegetation  bordered  the  lake:  Ramon,  Israel  (Figs.  1,  2,  3;  PL  1). 
Bennettitales  similar  to  Ofozcnnifes,  coni-  The  collecting  consisted  of  recovering 
fers,  including  Schizolepis,  Brachyphyllum  slabs  of  rock,  mainly  by  hammer  and  chisel, 
and  Podozamifes,  and  ferns,  including  spe-  Only  once  were  explosives  used  to  get  rid 
cies  of  CladophJchis.  Weichselia  reticuJato  of  the  basaltic  overburden.  The  original 
predominated  farther  from  the  lake  in  the  layering  greatly  facilitated  the  recovery  of 
sandy  habitats.  The  topography  was  low,  slabs  that  were  later  cleaved  by  light  ham- 
composed  of  sandstone  hills  and  scattered  mer  strokes  along  the  fine  varves  in  order 
volcanoes.  The  lake  lasted  several  thou-  to  reveal  the  frogs.  These  were  easily  de- 
sand  years  at  the  most,  and  was  apparently  tected  by  following  the  limonite-encrusted 
continuous  throughout  that  time  until  dried  varves.  Cleaving  was  done  either  in  the 
up  by  the  second  or  upper  lava  flow.  The  field  or  in  the  laboratory.  After  cleaving, 
surrounding  volcanoes  erupted  recurrently,  portions  of  the  skeleton  remained  on  both 
pouring  a  part  of  their  wastes  into  the  lake,  sides  of  the  slabs  as  part  and  counterpart, 
polluting  the  water  and  causing  irregular  The  extreme  fragility  of  both  matrix  and 
mass  mortalities  among  the  frogs.  Sedi-  fossils  required  efficient  packing  and  care- 
mentation  in  the  lake  was  quiet,  periodic,  ful  transporation  from  field  to  laboratory, 
mostly  in  standing  or  very  slowly  flowing  Preservation  of  fossils.  Most  of  the  ma- 
water,  terial  was  preserved  as  complete  skeletons, 

The  lake  waters  were  warm,  soft,  pos-  N\'ith  only  a  few  single  bones  or  masses  of 
sibly  acidic,  and  abounded  with  decaying  disarticulated  elements.  The  method  of  re- 
plants. The  oxygen  content  was  low  with  covery  of  the  material  from  the  deposit  and 
a  reducing  bottom.  The  latter  resulted  from  the  extensive  jointing  within  the  sediment 
a  high  Hi-S  content,  typical  of  freshwater  resulted  in  a  high  frequency  of  fractures, 
lakes  in  tropical  regions  and  of  volcanic  Preservation  varies  from  excellent  to  poor, 
environments.  The  lake  bottom  was  pre-  About  10  per  cent  of  the  specimens  are 
sumably  barren  of  all  living  organisms  ex-  mere  imprints  in  the  silt  and  therefore  un- 
cept  anaerobic  bacteria,  thus  providing  workable;  the  rest  are  preserved  as  either 
ideal  conditions  for  frog  preservation,  re-  limonitic  original  bones  or  colored  imprints, 
suiting  in  complete  intact  skeletons,  undis-  The  skeletons  were  replaced,  partially  or 
turbed  by  any  scavengers.  The  lake  was  entirely,  by  ferric  oxides.  The  finer  the 
thus  oligotrophic  and  probably  had  a  low  sediment  the  better  was  the  preservation, 
productivity  caused  by  the  low  content  of  Preparation  was  hampered  by  the  fragility 
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Table  1.     Compahatre  Recent  and  Fossil  Material  Studied 


No.  of 

Family 

Species 

Provenance 

Specimens 

RECENT 

Ascaphidac 

A.scapluis  tnui 

Washington   ( state ) , 

USA 

3 

1 1 

Lciopchna  lioclistcttvri 

New  Zealand 

1 

Pipidae 

Pi)ia  ])ipa 

Brazil,   British   Ciiiaiia 

3 

II 

]I<iiii)np(i  cdivolhoi 

Brazil 

1 

II 

Ilyiucnochinis-  Ixx'ttficri 

Cameroons 

10 

II 

Xcii(>i>us  Idcvi.s 

Stellenhosth,   South 

Africa 

5  adults 
5  laryae 

II 

Xcit(>i)u.s  tropiciilis 

Niapu,  Congo 

3 

II 

Xenopus  ^illi 

South   Africa 

3 

II 

Xenopits  ))}uUcri 

Farjade,  Congo 

3 

Discojilossidae 

Disco^lo.ssiis  piclu.s 

Sicily 

10 

ti 

Disco^lossiis  ni^iiv enter 

Israel 

1 

ti 

Bomhina  homhinu 

Italy 

2 

1 1 

Bomhina  varie^ata 

Italy 

10 

II 

Alyte.s  ohstt'tricans 

Europe,  locality  unlv 

nown 

2 

II 

Ahjtcs  cisterruisii 

Spain 

1 

RhinophiNiiidae 

Rhinophrynus  dorsalis 

Mexico 

3 

Pelobatidae 

Pelohates  syriaciis 

Haifa,  Israel 

3 

M 

Pelohates  fusnis 

Germany 

2 

IT 

Se(i))hioi)us  IwUirooki 

Texas,  USA 

2 

M 

Scaph iopu.s  couchi 

Texas,  USA 

2 

n 

Sta))hi(>i)us  JianiDioiidi 

Arizona,  IISA 

2 

,, 

Me^ojihrys  hds.sclti 

I'hilippinc  Islands 

2 

1  ,('pt()(l;ut>1i(lac' 

RhiiiiHlcrnid  daniiui 

Chile 

1 

,, 

Lcptocldctyhis  occlldtus 

Brazil 

2 

n 

I  cptoddctyhis  bitfonius 

Argentina 

4 

Bufonidae 

Biifo  Inifo 

Germany 

2 

1 1 

Bufo   viridis 

Saar,  Israel 

15 

M 

Bnfo  typhonitis 

\'enezue!a 

4 

Pscudidae 

Elcutherodaetyltis  luistitiis 

Brazil 

1 

Ihlidae 

Ilyld  drborca 

Saar,  Israel 

5 

Haiiidae 

Baud  ridihuiidd 

Oranim,  Israel 

10 

FOSSIL 

Pipidae 

Sdlteiiid  ihanezi 

Cretaceous,   Argentina 

5 

Hckatelnit radius  i^rdudipcs 

Miocene,  CzechosloA 

akia 

2 

ol  the  skeletons.  During  fossili/ation  tlu-rc 
was  crusliing  and  llattening  ol  tlic  sk(>le- 
toiis,  thus  oliininating  sonic  structural  de- 
tails; consecjuentlN ,  the  description  is  com- 
posite. 

Ldhoidhinj  uork.  The  nialcrial  was  ex- 
amined under  binocular  microscope  whih' 
iiniiH'iscd  in  .xylol  to  disclose  features  not 
obser\al)lc  in  the  dry  specimens.  Some  200 
specimens  in  xyh)l  were  pliotographed  on 
Kodak  microfilm.  Line  drawings  were 
made  !)>■  tracing  i^rojectcd  negatixcs. 

The  fossil  material  was  compared  with 
skeletons    ol    li\ing    frogs,    utilizing    X-ra>' 


})hotographs  ( particularly  for  stud\  ing  \  ar- 
iation  [Vose,  1958]),  alizarine-red  S  trans- 
parencies (Williams,  1941),  and  dr\-  skele- 
tons (Sanders,  1953).  Table  1  lists  th(> 
skeletons  ol  l-lectmt  species  examined. 

Sidlislic.s.  \'ernier  caliper  measurements 
were  made  to  0.1  mm  on  248  fossil  skele- 
tons under  the  binocular  dissecting  micro- 
scope; 28  \ariates  w (>re  recorded.  No  speci- 
men was  sufficientK-  complete  to  permit  all 
28  measnr(>ments.  The  data  were  analyzed 
using  four  IBM  7090  7094  comput(>r  pro- 
grams for  generating  new  \ariables.  uni- 
N'ariate     statistics,     scatter     diagrams     and 
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histograms,  and  computing  Mahalanobis 
distance  among  the  three  species.  (The 
detailed  biometric  results  and  a  study  of 
variation  will  be  reported  in  a  separate 
paper. ) 

Location  of  material.  The  collection  is 
deposited  in  the  Department  of  Zoology, 
Hebrew  University  of  Jerusalem  ( HUJZ ) . 
Of  the  863  specimens  in  the  collection,  only 
344  were  numbered  systematically.  The 
prefix  F  runs  before  the  number,  whereas 
suffix  a  or  b  runs  after  it,  designating  part 
and  counterpart  whenever  present;  e.g.  F 
241  a  and  F  241  b. 

SYSTEMATIC   DESCRIPTIONS 
Family   PIPIDAE 
THORACILIACUS  gen.    nov. 

Type   species.     Thoraciliacus   rostriceps   sp. 
nov. 

Diapiosis.  A  pipid  closely  related  to 
Eoxenopoides  reuningi,  Shdania  pasquaJi, 
and  Saltcnia  ihanezi  (see  Table  8),  but  dif- 
fering from  these  in  having  a  free  mono- 
condylar  sacro-urostylar  articulation  and 
one  or  more  discrete  postsacral  vertebrae; 
in  the  absence  of  a  suture  between  the 
frontoparietals;  in  the  prominent  rostrum; 
in  the  maxillae  and  premaxillae  bearing 
teeth;  in  the  sword-like  parasphenoid;  in 
the  triangular  transverse  processes  of  pre- 
sacrals 6-8;  and  in  the  articulation  of  tips 
of  the  ilia  with  the  ribs. 

Generic  description.  An  anuran  of  pipid 
affinity.  Vertebral  column:  Eight  opistho- 
coelous,  ectochordal  presacral  vertebrae; 
sacrum  consisting  of  the  9th  opisthocoelous 
vertebra  with  strongly  expanded  diapophy- 
ses;  usually  one  postsacral  vertebra;  four 
pairs  of  free  ribs  attached  to  presacrals  2- 
5;  diapophyses  of  presacrals  6-8  triangu- 
lar and  anteriorly  directed;  urostyle  free 
from  sacrum,  with  a  single  condyle.  Pec- 
toral <iird]e:  Arciferous;  clavicles  large, 
strongly  arched,  meeting  anteriorly,  overly- 
ing the  scapula  posteriorly;  coracoids 
strongly  diverging  from  clavicles,  straight 
shafts  expanded  at  both  ends  much  more 
mesially  where  they  meet;   scapula   small, 


triangular,  uncleft;  suprascapula  large, 
elongated,  feebly  ossified,  supporting  a 
large,  strongly  ossified  V-shaped  cleithrum; 
no  sternum  and  episternum.  Skull:  Large, 
broader  than  long,  quadrate  region  pos- 
teriorly situated;  nasals  large,  forming  a 
prominent  anteriorly  rounded  rostrum;  fron- 
toparietals azygous,  vase-shaped,  large, 
strongly  ossified;  premaxillae  with  10  teeth; 
maxillae  with  35  teeth,  tapering  poster- 
iorly without  any  contact  with  the  quad- 
rate [an  incomplete  maxillary  arcade]; 
squamosals  slender,  small.  No  quadrato- 
jugals,  palatines  or  mentomandibulars; 
vomers  small,  paired,  anteriorly  triradiate; 
pterygoids  large  with  anteriorly  thinning 
arcuate  extensions;  quadrate  subquadran- 
gular,  well  ossified;  parasphenoid  sword- 
like, its  anterior  tapering  blade  protruding 
in  front  of  the  maxillae,  its  posterior  third 
wider,  broadening  into  short  lateral  proc- 
esses; sphenethmoid  single,  ossified,  pro- 
truding anteriorly  between  nasals;  otic  cap- 
sules extensive,  almost  spherical;  plectrum 
of  columella  outstanding;  lower  jaw  com- 
prises slender  edentulous  dentary,  and 
prominent  prearticular.  Pelvic  girdle: 
Large;  ilia  long,  extending  anteriorly  be- 
yond sacral  diapophyses,  their  tips  artic- 
ulating with  ribs  3  and  or  4;  pubis  strongly 
ossified;  ischium  long,  ossified;  no  epipubis. 
Forclimb:  Humerus  straight,  mostly  smooth, 
with  a  small  proximal  ventral  crest,  proxi- 
mally  expanded,  distally  having  a  well-de- 
veloped spherical  capitate  eminence;  radio- 
ulna  single,  flat,  expanded  at  both  ends, 
with  a  prominent  olecranon  and  a  longi- 
tudinal intermedial  groove;  nine  carpals; 
four  subequal  fingers  with  very  long  slen- 
der metacarpals  and  2,  2,  3,  3  phalanges, 
the  terminals  of  which  are  pointed;  no 
prepollex.  Hindlimb:  Femur  faintly  S- 
shaped  with  a  short  femoral  crest;  tibiofib- 
ula  single,  slightly  shorter  than  femur,  with 
a  longitudinal  intermedial  groove;  tibiale- 
fibulare  elongated,  fused  at  both  ends;  five 
distal  tarsals;  no  prehallux  phalanges;  five 
toes  with  long  metatarsals  and  2,  2,  3,  4,  3 
phalanges,    the    terminals    of    which    are 
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Thoraciliacu%  ros/r/'ceps,  HUJZ,  F  93,  type  specimen,  ventral  aspect.  Abbreviatons:  CL-clavicle;  CP-carpal 
lid;  FE-femur;  FP-frontoparietols;  HU-humerus;  IL-ilum;  ISischium;  MAX-maxilia;  MC-metocarpal;  MN-mandible 
I;     OC-otic     capsule;     PMAX-premaxillo;     PS-parosphenoid;    PSV-postsacral    vertebra;    PT-pterygoid;    Q-quadrate;    R2 


rib    2;     RUradioulna;    SC-scapulo;     SCR-sacrum;    SQ-squamosal;    SSC-suprascapulo;    UR-urostyle;    V-vomer 
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1  cm 
Figure  5.      Thoraciliacus  rosfr/ceps,  reconstruction. 


pointed;  all  epiphyses  of  long  bones  in  both 
fore-  and  hindlimb  are  well  ossified. 

Thoraciliacus  rosfriceps  sp.  nov. 

Figs.  4,  5,  10-13;  Pis.  3-6;  Tables  2,  3 

Holofijpe.  Hebrew  University,  Jerusa- 
lem, Department  of  Zoology  No.  F  93, 
nearly  complete  skeleton  lacking  most  of 
the  hindlimbs   (PI.  3  A). 

IJijpodipn.  Type  and  specimens  F  1- 
148, '210-240,  247-250,  253. 


Horizon  aiul  locality.  Silt  unit  between 
lower  and  upper  basalts.  Lower  Cretaceous 
(Fig.  2).  Coordinates  1236/9945  (Israel 
Topographical  Map);  latitude:  30°  32'  20" 
N;  longitude:  34°  43'  36"  E;  western  Makh- 
tesh  Ramon,  Israel;  collected  by  Eviatar 
Nevo  in  1954. 

Specific  diagnosis.  Same  as  for  genus; 
sole  known  species  of  the  genus. 

Description  of  the  type  material.  A  well 
preserved  small  frog  represented  by  the 
original  bones  heavily  impregnated  by  dark 
limonitic  ferric  oxides;  distinctly  flattened 
as  a  result  of  fossilization.  Right  hindlimb 
crushed  proximally,  and  both  hindlimbs 
lacking  distally;  in  ventral  aspect.  Absent 
parts  are  described  from  F  41  a  (PI.  6  E). 

General  description.  Skull  (Fig.  10  C). 
The  skull  is  large,  wide  and  flat.  It  is  some- 
what broader  than  long,  slightly  longer 
than  the  eight  presacral  vertebrae.  The 
maxillary  arcade  is  incomplete.  A  promi- 
nent rounded  rostrum  projects  beyond  the 
mouth.  The  quadrate  region  is  posteriorly 
situated.  The  nasals  are  large,  broad  and 
kidney-shaped,  rounded  anteriorly  and 
forming  the  rostrum  (PI.  6  D);  they  meet 
anteromesially  and  diverge  posteriorly  to 
expose  the  central  extension  of  the  sphen- 
ethmoid;  dorsally  they  have  fanlike  stria- 
tions. 

The  frontoparietals  form  a  broad  azy- 
gous  slab,  strongly  and  totally  ossified; 
they  dominate  the  dorsal  aspect  of  the  skull 
and  have  a  vaselike  shape;  anteriorly  they 
contact  the  sphenethmoid;  posteriorly  they 
partly  overlap  the  synotic  region;  the  lat- 
eral portions  are  anteriorly  concave,  pos- 
teriorly convex,  and  exhibit  slightly  thick- 
ened supraorbital  ridges.  The  premaxillae 
are  overlain  by  the  nasals  and  have  a  small 
triangular  facial  process;  each  premaxilla 
carries  10  teeth,  mostly  recognizable  by 
their  sockets.  The  maxillae  are  gently 
curved,  tapering  posteriorly  to  end  in  front 
of  the  posterior  border  of  the  orbit,  or  just 
at  this  level;  since  the  quadratojugals  are 
absent  and  no  contact  exists  with  the  quad- 
rate,  a  considerable   gap  obtains   between 
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the  maxilla  and  quadrate,  resulting  in  an 
incomplete  maxillary  arcade.  A  maxillary 
frontal  process  forks  anteromesially,  end- 
ing freely.  Each  maxilla  carries  35  teeth 
evenly  spaced  throughout  its  entire  length; 
mostly  the  teeth  are  recognizable  through 
their  sockets,  but  in  F  63  conical  little 
teeth  are  preserved. 

The  sc^uamosals  are  small,  slender,  rod- 
like or  triangular  bones,  apposing  the  otic 
capsules.  The  quadratojugals  and  palatines 
are  absent.  The  vomers  are  small,  paired, 
anteriorly  triradiate,  the  median  projection 
being  the  longest;  they  are  only  rarelv  pre- 
served (F  36,  85,  93,  112,  293).  The  ptery- 
goids are  well  developed,  overlapping  the 
anterolateral  portions  of  the  otic  capsules. 
Their  broad  root  is  triradiate;  the  antero- 
mesial  arm  is  short,  contacting  the  broader 
part  of  the  parasphenoid;  the  posterolateral 
arm  is  the  longest  of  the  ])asal  processes 
and  contacts  the  quadrate;  the  broad  root 
extends  anterolaterally  to  meet  the  max- 
illa as  a  long,  anteriorly  thinning  arcuate 
extension.  The  quadrate  is  subquadrangu- 
lar,  small,  well  ossified  and  only  rarely  vis- 
ible (but  can  be  seen  in  F  47,  52,  112,  120, 
321).  The  parasphenoid  is  sword-like  and 
prominent  along  the  \entral  aspect  of  the 
skull  Irom  the  mid-otic  capsules,  poster- 
iorly, to  near  the  edge  of  the  rostrum  in 
front  ol  the  maxillary  arcade;  its  anterior 
two-thirds  consists  of  a  narrow  tapering 
rod,  the  "blade,"  while  the  posterior  third 
is  much  wider  and  broadens  into  short  lat- 
eral processes  (Pis.  4  li  6  C);  the  bone  is 
rarely  preserved  C()m])lete  ( it  is  complete 
ill  F  20,  39,  93,  270,  309,  310),  but  is 
b((iu(iitly  represented  just  by  its  anterior 
aciiiiiiiiatc  poidoii.  'I1ic  sphenethmoid  is 
single,  well  ossified,  and  fills  the  gai)  be- 
tween the  frontoparietals  and  nasals.  i\)s- 
teriorly  it  is  emarginated;  anteriorh  it  pro- 
trudes between  the  nasals. 

The  otic  capsules  are  h)nne(l  hy  the 
strongly  ossified,  very  large,  splierieal  pro- 
otics,  dominating  the  |)()steiior  skull  and 
situated  mainly  anterior  to  tiie  (|iia(hale; 
they  are  partK'  o\crlap])e(l  dorsonu  sialK  l)\ 


the  posterior  portion  of  the  frontoparietals, 
while  ventromesially  they  are  bordered  by 
the  exoccipitals  which  form  the  occipital 
condyles.  The  position  of  the  semicircular 
canals  shows  clearly  inside  the  capsules  in 
several  specimens  (e.g.,  in  F  60,  83,  84, 
109,  128,  135,  138,  252).  The  plectrum  of 
columella  is  preserved  in  20  specimens.  It 
is  a  small  but  well-ossified  rod,  2.15  mm 
long  and  0.4  mm  wide,  slightly  arched,  with 
a  little  swollen  base  abutting  upon  the 
fenestra  ovalis  proximally,  ending  freely 
distally. 

The  lower  jaw  consists  of  the  dentary 
and  prearticular  only,  the  mentomandibu- 
lars  being  absent.  The  dentary  is  slender, 
edentulous,  and  articulates  with  the  outer 
side  of  the  prearticular,  terminating  close 
to  the  posterior  limit  of  the  maxilla.  The 
prearticular  is  very  large,  strongly  ossified, 
forming  the  principal  element  of  the  lower 
jaw;  it  has  a  prominent  coronoid  process  in 
close  apposition  to  the  pterygoid,  articulat- 
ing post-otically  with  the  (piadrate. 

Vcrfchral  coUnun  (Fig.  11  C).  There 
are  usually  eight  presacral  vertebrae;  no 
fusions  occur  between  successive  vertebrae 
throughout  the  column.  The  presacrals  are 
similar  in  shape.  The  vertebrae  are  flat 
and  broader  than  long,  with  flat  neiual 
arches  and  short  neural  spines.  The  latter 
do  not  imbricate  and,  in  several  cases,  the 
vertebral  centra  are  exposed  in  dorsal  as- 
pect. The  centia  are  opisthocoelous  and 
ectoehordal,  consisting  of  an  ossified  cylin- 
d(>r  (Miclosing  a  hollow  tube  reminiscent  of 
a  persistent  notochord.  (This  is  elearlv 
shown  b\  the  optical  section  through  a 
traiisi)ai(iit  xcrtebra  immersed  in  xvlol, 
whic-h  shows  an  hour-glass  effect;  see  F  36 
on  Fig.  15  and  IMO  on  PI.  4  H. )  The  atlas 
is  usually  free  of  diapophyses.  Presacrals 
2-5  possess  horizontally  directed  short 
Iransversi'  i)r()cess(\s,  articulating  with  the 
corresponding  ribs;  the  trans\(>rse  processes 
of  presacrals  6-8  are  highly  diagnostic,  Ix'- 
ing  triangular,  sharpK'  pointed,  and  anter- 
iorh   directed. 

l'\)ur   paiis   ol    free    ribs   aic   confined    to 
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the  2nd,  3rd,  4th,  and  5th  presacrals,  here- 
after referred  to  as  ribs  1,  2,  3,  4,  the  first 
rib  arising  from  the  transverse  processes 
of  the  second  vertebra,  etc.  (PI.  4  B).  The 
first  rib  is  the  smallest,  mostly  directed 
posterolaterally.  The  second  rib  is  gener- 
ally the  largest,  usually  arcuate,  and  pos- 
terolaterally directed.  A  few  specimens 
show  faintly  expanded  impressions  on  tips 
of  second  ribs,  probably  indicating  a  car- 
tilaginous link  between  ribs  2  and  3.  The 
third  rib  is  also  large  but  usually  smaller 
than  the  second.  It  is  bent  posterolaterally, 
nearly  parallel  to  the  second  rib.  The  fourth 
rib  is  smaller  than  the  preceding  two, 
usually  exceeding  in  length  only  the  first 
rib.  It  is  mostly  posterolaterally  directed, 
but  occasionally  is  horizontal  or  even 
pointed  anterolaterally.  Partial  fusions  of 
ribs  to  their  corresponding  transverse  proc- 
esses are  not  rare.  This  is  particularly  true 
for  the  first  and  fourth  ribs.  Apart  from  a 
few  inconclusive  cases,  no  uncinate  proc- 
esses were  found. 

The  sacrum  consists  of  the  ninth  opis- 
thocoelous  vertebra  and  has  strongly  ex- 
panded diapophyses.  The  urostyle  is  free 
from  the  sacrum,  articulating  with  the  lat- 
ter by  a  single  condyle.  It  tapers  posteri- 
orly, reaching,  and  sometimes  overlying, 
the  pubis.  The  urostyle  has  as  a  rule  one 
proximal  vertebra. 

Pectoral  ohdlc  (Fig.  12  C;  Pis.  5  C,  6  C,  F). 
The  pectoral  girdle  is  inferred  to  be  arcif- 
eral  on  the  evidence  of  the  strongly  diverg- 
ing coracoids  and  clavicles.  The  clavicles 
are  very  large,  strongly  arched,  and 
strongly  ossified;  their  anteriorly  expanded 
ends  meet  midventrally,  reaching  the  an- 
terior portion  of  the  otic  capsules.  The 
coracoids  are  posteriorly  directed,  strongly 
diverging  from  the  anteriorly  directed  clav- 
icles; they  are  well  ossified,  stout  straight 
shafts,  expanded  strongly  at  both  ends, 
but  more  so  posteriorly,  where  they  meet. 
The  scapula  is  a  small,  triangular,  strongly 
ossified  bone,  having  a  posterior  distal  spur 
and  a  diagonal  distal  border;  the  proximal 
margin    is    normally    uncleft,    lacking    the 


notch  separating  the  acromial  from  the 
glenoidal  process  (Pi.  6  A,  C ) .  The  supra- 
scapula  is  a  weakly  ossified  large  petaloid 
blade,  posteriorly  elongated  and  rounded; 
it  reaches  the  level  of  the  4th  presacral, 
overlying  the  second  and  third  ribs.  The 
cleithrum  is  a  large,  V-shaped,  strongly  os- 
sified bone,  investing  the  anterior  and  lat- 
eral margins  of  the  suprascapula;  it  has  two 
osseous  prongs,  the  posterior  being  stouter 
and  shorter  than  the  anterior;  it  was  pre- 
served in  39  specimens.  No  traces  of  ster- 
num, epistemum,  coracoidal  cartilages,  or 
epicoracoidal  horns  were  found. 

Pehic  girdle  (Fig.  11  C;  PI.  6  A,  E).  The 
most  remarkable  feature  of  the  pelvis  is 
the  anterior  extension  of  the  tips  of  the 
long  ilia,  which  make  contact  with  the 
third  and/or  fourth  ribs,  rarely  ending 
freely.  Consequently,  the  ilia  articulate 
with  two  or  three  extensions  of  the  column, 
thus  tending  to  bind  together  vertebrae 
four  through  nine.  A  functional  synsacrum 
is  thus  formed,  but  no  fusion  of  vertebrae 
occurs.  (In  this  genus  the  tips  of  the  ilia 
thus  make  an  iliocostal  contact,  in  addition 
to  the  contact  effected  with  the  sacral  dia- 
pophyses at  the  middle  or  anterior  portions 
of  the  ilia — "medioiliac  contact;  these  two 
articulations  contrast  with  the  normal 
single  anuran  "acroiliac"  articulation — tip 
of  ilium  forming  the  contact  with  the  sacral 
diapophyses.  Hereafter,  the  ThorociUacus 
condition  will  be  consistently  distinguished 
as  iliocostal  or  medioiliac  articulation  from 
the  acroiliac  or  more  usual  anuran  articu- 
lation.) The  ilia  are  simple  and  smooth  in 
most  cases,  but  are  variable  in  form  and 
divergence;  mostly  they  are  straight  rods, 
but  some  are  slightly  convex  externally 
either  near  the  acetabulum  or  throughout 
their  length;  others  are  asymmetric.  The 
ilia  are  longer  than  the  vertebral  column 
plus  the  sacrum.  The  pubis  is  strongly 
ossified.  An  important  feature  of  the  pelvis 
is  the  relatively  great  posterior  extent  of 
the  ischium  in  most  specimens.  No  traces 
of  epipubis  were  found. 

Forclimh   (Fig.  13  C).    The  humerus  is 
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straight,  expanded  at  both  ends  but  dis- 
tinctly more  so  towards  the  proximal  end 
where  it  attains  its  maximal  diameter,  be- 
ing capped  by  the  well-ossified  humeral 
cap;  distally,  it  has  a  well-ossified,  devel- 
oped, spherical  capitate  eminence;  the  lat- 
eral epicondyle  is  very  weakly  developc^d. 
while  the  medial  one  is  mildly  so;  the  cubi- 
tal ventral  fossa  is  a  small  triangular  pit; 
the  shaft  is  distinctly  smooth  and  crestless 
apart  from  the  very  short  proximal  ventral 
crest.  No  differences  could  be  associated 
with  sex.  The  radioulna  is  shorter  than 
the  humerus,  single,  flat  and  expanded  at 
l)oth  ends,  more  so  distally.  Its  dual  orighi 
is  disclosed  both  by  the  intermedial  groove 
extending  over  the  distal  two-thirds  of  its 
length,  and  by  the  presence  of  two  distinct 
bones  at  the  distal  end;  proximally,  the 
olecranon  process  is  prominent;  no  bony 
crests.  There  are  nine  carpals  arranged  in 
three  rows;  these  are,  following  the  nomen- 
clature of  Howes  and  Ridewood  ( 1888 ) : 
the  radiale  and  ulnare  in  contact  with  the 
radioulna,  two  centrales  in  the  second  row, 
and  fi\'e  distal  caipals  in  the  third  row. 
The  radiale,  ulnare,  and  centrales  are  big, 
subcjuadrangular,  forming  a  characteristic 
tetrad;  the  inner  centrale  has  a  diagnostic 
posterior  spur;  all  four  are  smooth  dorsallv 
but  exhibit  iiregularities  on  their  volar  sur- 
face. The  five  distal  carpals  involve  four 
small  bones  corresponding  each  to  its  re- 
spective metacarpal,  and  a  small  prepollex 
carpal  discerned  between  the  second  carpal 
and  inner  centrale.  The  four  distal  carpals 
diminish  in  si/.(>  in  the  following  order:  4-2- 
5-3.  Carpals  2,  3,  5,  as  well  as  the  prepol- 
lex carpal,  arc  small  spheres,  whereas  car- 
pal I  lias  a  diagnostic  triangular  shape. 
Wlicn  I  he  |)icp()llex  carpal  is  included,  the 
total  luimbcr  ol  free  caipals  is  nin(\ 
No  phalangeal  elements  are  associated  with 
the  prepollc>x  carpal.  No  sex  differences 
nor  aii\'  lusions  ol  carpals  were  discerned. 
MostK'  the  c-arj'jals  arc  either  missing  or 
obscure;  in  only  28  out  of  281  cases  were 
they  analyzablc.  This  late  is  shared  also 
by  the  prepollex  (•ari)al  because  ol  its  small- 


ness  and  external  position:  it  was  eventu- 
ally found  in  just  four  out  of  the  above  28 
specimens.  ( It  is  well  preserved  in  F  297. ) 
There  are  four  elongated  subequal  fingers 
and  2,  2,  3,  3  phalanges,  the  terminals  be- 
ing pointed.  The  remarkable  feature  of 
the  manus  is  the  very  long  and  slender 
metacarpals  resulting  in  surprisingly  long 
fingers. 

HimUimh  (Fig.  13  C;  Pis.  5  B,  6  E). 
The  femur  is  strong,  long,  and  shows  a 
slight  sigmoid  curxature.  It  is  expanded 
towards  both  ends  where  it  has  \\'ell-ossi- 
fied  epiphyses.  The  proximal  femoral  head 
is  elliptical,  fitting  into  the  acetabulum  of 
the  same  shape.  Proximally,  there  rises  a 
short,  rather  low  femoral  crest.  The  tibio- 
fibula  is  even  stronger,  but  slightly  shorter, 
than  the  femur.  It  is  approximately 
straight,  being  also  expanded  towards  both 
ends,  where  it  has  well-ossified  epiphyses. 
Its  dual  nature  is  disclosed  throughout  by 
the  distinct  intermedial  groove.  The  tarsus 
consists  of  the  characteristic  tibiale-fibulare 
and  five  free  distal  tarsals.  The  tibiale  and 
tibulare  are  elongated,  broadening  medialK' 
towards  both  ends  where  they  meet,  leav- 
ing a  conspicuous  interosseous  space 
throughout  their  length.  The  tibiale  is  more 
slender  than  the  fibulare.  \Anien  seen  en- 
tirely separated,  as  in  F  36,  the\'  certainly 
suffer(xl  dislocation,  suggesting  a  weak  fu- 
sion. The  distal  tarsals  are  located  between 
the  inner  three  metatarsals  and  the  tibiale, 
whereas  the  two  outer  metatarsals  contact 
the  fibulare  leaving  no  space  for  any  addi- 
tional distal  tarsals.  The  fi\"e  distal  tarsals 
involve  a  large  centrale  (  =  naxiculare )  at- 
tached to  the  tibiale,  a  prehallux  tarsal  in 
contact  with  the  centrale,  and  a  series  of 
three  smaller  tarsals  each  corresponding  to 
tlie  three  inner  metatarsals.  \Miile  botli 
tlic  lirst  and  third  distals  are  small  and 
round,  the  second  is  diagnosticalh'  large 
and  triangular.  There  arc>  fi\(>  toes  with 
strikingK'  elongated  metatarsals,  and  2,  2, 
3,  4,  3  phalanges,  the  ternu'nals  being 
pointed.  No  phalanges  are  associated  with 
tlic  })rc4iallux  tarsal.    The  toes  arc  uiie(|ual 
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in  length:  The  third  is  the  largest  and 
usually  exceeds  the  fourth  in  length,  but 
equals  it  in  some  cases;  the  second  equals 
the  fifth,  the  first  toe  being  the  shortest. 

CORDICEPHALUS  gen.   nov. 

Type    species.     Cordicephalus    gracilis,    sp. 
nov. 

Diagnosis.  A  small  anuran  of  pipid  af- 
finity, similar  in  most  basic  characteristics 
to  Thoraciliacus  rostriceps,  from  which  it 
differs  primarily  in  skull  and  pelvis  (Figs. 
10,  11,  13  and  Tables  6,  7).  The  following 
are  the  features  characterizing  Cordiccpha- 
his  as  contrasted  with  Thoraciliacus:  gen- 
eral slendemess  of  the  entire  skeleton;  ar- 
ticulation of  pelvic  girdle  acroiliac,  with 
the  tips  of  ilia  articulating  with  sacral  dia- 
pophyses;  ilia  diverging  to  fonn  a  triangle; 
ischium  medium  in  length;  skull  heart- 
shaped  (hence  the  generic  name);  no  prom- 
inent rostrum;  quadrate  anteriorly  placed; 
anterior  extensions  of  pterygoid  and  man- 
dible curved;  otic  capsules  ellipsoidal  or 
rectangular;  third  rib  longer  than  second; 
transverse  processes  of  presacrals  7  and  8 
arcuate;  one  or  two  postsacral  vertebrae; 
longer  humerus  and  radioulna.  See  Table 
4  for  statistically  significant  differences  be- 
tween Cordicephalus  and  Thoraciliacus. 

Cordicephalus  gracilis  sp.    nov. 

Figs.  6,  7,  10-13;  Pis.  7-9;  Tables  2,  3 

Ilolotype.  Hebrew  University,  Jerusa- 
lem, Department  of  Zoology  No.  F  165, 
nearly  complete  skeleton,  lacking  some  por- 
tions of  the  pectoral  girdle. 

Hi/podigm.  Type  and  specimens  F  149, 
151,  153-155,  157-166,  168-170,  172,  174- 
187,  190-191,  197-209. 

Horizon  and  locality.  Same  as  for  Tho- 
raciliacus rostriceps. 

Specific  diagnosis.  A  very  small  Cordi- 
cephalus; no  rostrum;  nasals  in  form  of  cres- 
centic  bars;  wide  rear  portion  of  parasphe- 
noid  having  lateral  processes  both  anteriorly 
and  posteriorly;  sphenethmoid  with  long  tri- 
angular anterior  prolongation;  otic  capsules 
ellipsoidal;  ribs  medium  to  long;  sacral  dia- 


pophyses  broadening  gradually  distally; 
mostly  two  postsacrals;  ilia  diverge  by 
about  45°;  scapula  uncleft;  suprascapula 
triangular. 

Description  of  type  material.  A  well- 
preserved  small  and  slender  frog  repre- 
sented by  original  bones,  heavily  impreg- 
nated by  dark  limonitic  ferric  oxides. 
Slightlv   flattened   due   to   fossilization. 

Skull  (Fig.  10  B).  The  skull  is  sHghtly 
broader  than  long,  with  a  heart-like  shape. 
The  maxillary  arcade  is  incomplete,  and 
there  is  no  rostrum.  The  quadrate  region  is 
anteriorly  situated.  The  nasals  overlie  the 
premaxillae,  in  line  with  the  maxillary  arch, 
and  form  a  rounded  anterior  contour.  They 
are  well-developed,  elongated,  crescentic 
bars,  meeting  mesially  above  the  anterior 
arrow-like  extension  of  the  sphenethmoid 
and  fitting  closely  into  the  anterior  concave 
margins  of  the  latter.  The  frontoparietals 
fonn  an  azygous,  vaselike,  strongly  and 
totally  ossified  slab,  approximating  in 
shape,  relations  and  contacts  that  of  T. 
rostriceps.  No  median  suture  or  pineal 
foramen  were  found  in  ten  specimens 
examined  for  these  features.  The  premax- 
illae and  maxillae  follow  closely  the  Tho- 
raciliacus pattern.  Both  bones  are  dentiger- 
ous  but  have  smaller  numbers  of  teeth  than 
in  the  latter  genus;  about  25  in  the  max- 
illa and  8  in  the  premaxilla.  The  maxillary 
arcade  is  incomplete  due  to  the  absence  of 
quadratojugals.  The  squamosals  are  small, 
slender  splints,  rarely  preserved.  There  are 
no  quadratojugals  and  no  palatines.  The 
vomers  are  apparently  disclosed  in  only 
two  cases  (F  168,  176),  each  being  triang- 
ular, forming  with  its  partner  a  rhomboid 
structure  near  the  anterior  tip  of  the  para- 
sphenoid.  The  pterygoids  are  well  devel- 
oped, characterized  by  their  curved  anterior 
extension.  The  quadrate  is  a  subquadrangu- 
lar,  well-ossified  bone.  The  parasphenoid 
is  sword-like,  as  in  Thoraciliacus,  differing 
from  the  latter  in  having  horn-like  projec- 
tions at  the  base  of  the  blade.  In  most 
cases  only  the  blade  is  preserved.  The 
sphenethmoid   is    single,    well   ossified;    its 
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Figure  6.  Cord/cepha/us  gracilis,  HUJZ,  F  165,  type  specimen,  dorsal  aspect.  Abbrevations:  COL-columella;  CP-carpal; 
CR-corocoid;  DT-distal  tarsal;  FE-femur;  FP-frontoparietals;  HU  humerus;  IL-ilium;  IS-ischium;  MAX-moxillo;  MCP-metacor- 
pal;  MN-mandible;  MTS-metotorsal;  NAS-nosal;  OC-otic  capsule;  OP-operculum;  PSVpostsacral  vertebra;  R3-rib  3;  RU- 
rodioulno;  SC-scapula;  SCR-sacrum;  SMC-semicircular  canal;  SPHT-sphenethmoid;  TF-tibiofibula;  TBFB-tibiale-fibulare; 
UR  urostyle. 


head  projects  distinctK'  to  tlic  Iroiit,  miicli      clearly.    The   most    remarkable    Icaturi'   as- 
more  than  in   I'horacilidcus.    'IMie  otic  cap-      soeiated  with  the  capsules  is  the  plectrum 

of  the  columella,  seen   in  8  specimcMis.     It 


sules  resemble  those  oi  riioidciliactis  in  be 
ing  extensix'c  and  intenscK'  ossified,  but 
differ  in  being  obliciueK'  ellipsoidal,  'i'he 
longitudinal  axes  ol  the  two  eai)sules  lorm 
a  right  angle.  Within  the  capsules  the 
position    ol    iIk     scmicirenlar    canals    shows 


c-losel\'  resembles  th(>  columella  ol  Tlioid- 
cilidcii.s,  both  in  shape  and  si/e,  but  dillers 
in  its  association  with  a  small  spherical  os- 
sified operculum,  posterior  to  and  abutting 
upon   the   fenestra  o\alis    (PI.  9   D).     It   is 
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Figure  7.      Cordicephalus  gracilis,  reconstruction. 

prohal)le  that  the  swollen  base  of  the  plec- 
trum represents  the  internal  part  ot  the 
columella,  which  was  possibly  ossified.  The 
plectrum  is  2.1  mm  long  and  0.3  mm  wide. 
The  lower  jaw  is  arcuate,  giving  the  skull, 
together  with  the  anterior  curved  prolong- 
ation of  the  pterygoid,  its  heart-shaped 
form.  It  articulates  pre-otically  with  the 
quadrate,  thus  differing  from  the  post-otic 
condition  of  Thoraciliocus. 

Vertebral  column  (Fig.  11  B).  There 
are  eight  presacral  vertebrae  displaying  no 
fusion.  All  are  similar  in  shape,  flat,  l:)roader 
than  long.  The  neural  arches  are  low;  the 
neural  spines  short,  non-imbricating,  oc- 
casionally exposing  the  centra.  The  cen- 
trum is  invariably  opisthocoelous.  The  at- 
las is  free  of  appendages.  Presacrals  two 
through    five    have    relatively    short   trans- 


verse processes;  those  of  presacral  six  re- 
semble a  more  delicate  version  of  the  cor- 
responding processes  of  Thomciliacns.  The 
transverse  processes  of  presacrals  seven  and 
eight  are  highly  diagnostic,  differing  basic- 
ally from  those  of  Thoraciliaciis;  they  are 
arcuate  as  contrasted  with  the  triangular 
ones  of  the  latter,  and  anteriorly  directed. 
Four  pairs  of  slender  ribs  are  confined  to 
the  second,  third,  fourth,  and  fifth  pre- 
sacrals, hereafter  referred  to  as  ribs  1,  2,  3, 
4,  the  first  arising  from  the  transverse  proc- 
esses of  the  second  presacral,  etc.  ( Pis.  8 
B,  9  G).  The  first  rib  is  the  smallest,  di- 
rected anterolaterally.  The  third  rib  is  the 
longest,  followed  in  length  by  the  second 
and  fourth  ribs,  differing  in  this  respect 
from  ThoniciUacus,  the  second  rib  of  which 
is  the  longest.  The  second  through  fourth 
ribs  are  posterolaterally  directed,  none 
ever  having  any  contact  with  the  tips  of 
the  ilia. 

The  sacrum  consists  of  the  ninth  opis- 
thocoelous vertebra,  which  has  expanded 
diapophyses.  The  urostyle  is  free  from 
the  sacrum,  articulating  with  the  latter  by 
a  single  condyle.  It  has  in  most  cases  a 
swollen  base,  tapering  chiefly  in  its  pos- 
terior two-thirds.  Careful  analysis,  in  xylol, 
disclosed  in  its  proximal  portion,  otherwise 
obscure  centra  mostly  lacking  diapophyses; 
two  postsacrals  predominate. 

Pectoral  girdle  (Fig.  12  B;  PL  9  A,  B). 
The  pectoral  girdle  is  arciferal,  a  delicate 
replica  of  the  TJioraciliaciis  girdle  and  ex- 
hibiting only  a  few  small  differences  from 
the  latter.  The  clavicles  are  strongly  arched 
and  markedly  diverge  from  the  postero- 
mesially  directed  coracoids.  The  latter  are 
well  ossified,  stout,  straight  shafts,  strongly 
and  equally  expanded  at  both  ends,  as  con- 
trasted with  the  more  expanded  mesial 
ends  in  Tlioraciliacus.  The  two  coracoids 
meet  mesially.  The  scapula  is  small, 
roughly  triangular,  uncleft  and  intensely 
ossified.  It  resembles,  but  is  wider  than, 
the  scapula  of  Tlioraciliacus.  The  supra- 
scapula  is  faintly  ossified,  triangular  in 
shape;    it   supports   a   V-shaped    cleithrum. 
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having  two  well-ossified  prongs,  the  pos- 
terior being  stouter  and  shorter  than  the 
anterior  (PI.  9  B).  No  traces  of  sternum, 
episternum,  or  coracoidal  cartilages  were 
found. 

Pelvic  girdle  (Fig.  11  B;  PI.  9  E).  The 
pelvis  forms  a  distinct  triangle  whose  head 
angle  is  roughly  45  \  The  pelvic  articula- 
tion being  acroiliac,  there  is  no  functional 
synsacrum.  (This  is  the  fundamental  dif- 
ference between  Cordice])hahis  and  77)o- 
rciciliacii.s. )  The  tips  of  the  ilia  articulate 
with  the  sacral  diapophyses  only,  having, 
in  most  cases,  no  projection  anterior  to  the 
latter.  In  the  few  cases  found  of  forward 
projection,  the  anterior  slope  of  the  ilia  was 
apparently  either  natural,  due  to  forward 
sliding  of  the  ilia  during  movement  (see 
p.  276),  or  an  artificial  shift  caused  by 
fossili/ation.  The  pubis  is  strongly  ossified, 
and  the  ischium  forms  a  medium-sized  rear 
extension. 

Limb.s  (Fig.  13  B;  Pis.  7  A,  B,  8  A). 
Cordiccpltdhis  does  not  differ  essentialK' 
in  its  limbs  from  Tlioraciliacu.s  apart  from 
sliglil  dillerences  in  shape  of  particular 
bones  and  its  generally  more  slender  build. 

Forehmh.  The  humerus  is  straight, 
smooth,  and  round  in  cross-section;  dis- 
tally,  it  has  a  well-ossified,  de\eloped, 
spherical  capitate  eminence  (Pi.  9  B).  The 
radioulna  is  single,  Hat,  expanded  at  both 
ends,  grooved  throughout,  and  has  a  promi- 
nent olecranon.  There  are  m'ne  carpals  ar- 
ranged in  three  rows  (PI.  9  II).  The  two 
proximal  rows  comprise  four  big  elements: 
racHalc.  ulnare.  and  two  ci'utrales.  'I'he  in- 
ner centrale  is  diagnostically  triangular, 
projecting  distinctly  to  the  rear.  The  fi\-e 
distal  carpals  invol\<'  toui"  bones  corres- 
ponding (()  each  of  the  fingers,  and  one 
prepollex  carpal.  Again  as  in  IhordcHiacus, 
the  fourth  distal  carpal  is  tlie  largest,  diag- 
nosticalK'  triangular,  while  the  rest  are  es- 
sentialK small  spheres.  There  are  four  sub- 
equal  fingers  involving  four  very  long  and 
slender  metacarpals,  and  2,  2,  .3,  3  pha- 
langes, the   terminals  being  pointed. 

Ilindliinh.    Tlie  femui-  is  slightK'  sigmoid 


in  shape,  expanded  towards  both  ends.  The 
tibiofibula  is  slightly  shorter  than  the  fe- 
mur and  is  grooved  throughout.  The  tib- 
iale-fibulare  are  elongated,  fused  at  both 
ends,  leaving  a  conspicuous  interosseous 
space  throughout.  The  five  distal  tarsals 
involve  a  large  centrale,  the  tarsal  of  a  pre- 
hallux,  and  three  smaller  bones  correspond- 
ing to  the  three  inner  metatarsals,  the  sec- 
ond being  the  largest.  There  are  five  toes 
with  remarkably  long  and  slender  meta- 
tarsals, and  2,  2,  3,  4,  3  phalanges,  the 
terminals  being  pointed.  A  rudimentary 
prehallux  consists  of  only  one  small  meta- 
tarsal. 

Cordicephalus   longicosfatus   sp.    nov. 

Figs.  8,  9,  10-13;  Pis.  10,  11;  Tables  2,  3 

IloJotype.  Plebrew  University,  Jerusa- 
lem, Department  of  Zoology,  No.  F  171, 
crushed  skeleton  including  parts  of  skull, 
column,  girdles  and  limbs. 

Hypodi'gm.  Tvpe  and  specimens  F  150, 
152,"  156,  171,  173,  188,  189,  192-196,  251, 
252. 

Horizon  and  locidity.  Same  as  for  T/jo- 
racdiacus  ro.striccps. 

S))ecific  di(ii!,no.si.s;.  \'ery  similar  to  Cor- 
diccph(diis  iinwdi.s  from  which  it  differs 
in  its  larger  size  and  details  of  skull.  See 
Table  5  for  statistically  significant  differ- 
ences between  the  two  species.  C.  lonili- 
costatus  is  further  diagnosed,  as  against  C. 
iiracdis,  by  having:  a  slight  rostrum;  large, 
sulKjuadrangular  nasals;  slender  fronto- 
parietals; parasphenoid  hornless  at  base  of 
blade;  sphenethmoid  dcNoid  of  prominent 
anterior  projection;  otic  capsules  sub(iuad- 
rangular;  long  ribs;  small  cleft  scapulae; 
suprascapulae  posteriorly  rounded;  ilia  di- 
vergent only  to  about  30°. 

Description  of  type  inateriaJ.  Badl\  pre- 
served, crushed,  small  frog,  represented 
by  original  bones  impregnated  b\  brown 
limonitic  ferric  oxides. 

SkuU  (Fig.  10  A).  The  skull  is  similar 
to  that  of  C.  iircicdis,  from  w  hich  it  differs 
in  the  following  characters:  the  subquad- 
rangular  nasals  form  a  small  triangular  ros- 
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Figure  8.  Cordicephalus  longicoitatui,  HUJZ,  F  171,  type 
specimen.  Abbreviations:  CP-carpal;  CR-coracoid;  CTH- 
cleithrum;  FE-femur;  FP-frontoparietals;  HU-humerus;  IL- 
ilium;  MAX-maxillo;  MCP-metacarpal;  MN-mandible;  NAS- 
nasal;  OC-otic  capsule;  PSV-postsacral  vertebra;  R3-rib  3; 
RU-radioulna;  SC-scapula;  SCR-sacrum;  SSC-suprascopula; 
TF-fibiofibula;     UR-urostyle. 


trum.  The  anterior  margin  of  the  sphen- 
ethmoid  is  shallow,  less  prominent,  and 
the  frontoparietals  are  vase-shaped  and 
more  slender  than  in  C.  gracilis.  No  de- 
scribable  remains  were  preserved  of  the 
pterygoid,  quadrate,  or  vomer.  The  pala- 
tines and  quadratojugals  are  absent.  The 
parasphenoid  apparently  lacks  the  proces- 
ses on  base  of  blade  and  hilt.  The  otic 
capsules  are  subquadrangular;  their  axes 
form  an  acute  angle.  In  F  188  there  is  a 
bent  plectrum  of  columella,  2.3  mm  long 


and  0.3  mm  wide,  having  a  swollen  base 
(PI.  11  B,  E). 

Vertebral  column  (Fig.  11  A).  There 
are  eight  opisthocoelous  presacral  verte- 
brae. The  atlas  has  no  appendages.  The 
transverse  processes  of  presacrals  six 
through  eight  resemble,  but  are  slightly 
larger  than,  those  of  C.  gracilis.  The  four 
pairs  of  ribs  are  a  larger  replica  of  the  lat- 
ter (PI.  11  A,  D).  The  sacrum  consists  of 
the  ninth  opisthocoelous  vertebra,  having 
strongly  expanded  diapophyses;  the  latter 
are  connected  to  the  centrum  through  a 
narrow  bridge  of  bone  broadening  abruptly 
distally  (PI.  11  F).  The  urostyle  is  free 
from  the  sacrum,  articulating  with  the  lat- 
ter by  a  single  condyle.  It  may  contain 
one  to  two  postsacrals  or  lack  them  en- 
tirely. 

Pectoral  girdle  (Fig.  12  A).  The  girdle 
is  arciferal.  The  clavicles  are  strongly 
arched.  The  coracoids  diverge  strongly 
from  the  clavicles,  being  well-ossified, 
stout,  straight  shafts  expanded  at  both  ends 
but  more  so  mesially.  The  scapula  is  small, 
roughly  triangular,  and  cleft  in  all  three 
analy/able  specimens  ( F  171,  Pi.  10;  F  188, 
PI.  11).  The  suprascapula  is  faintly  ossified, 
having  a  rounded  posterior  margin  rather 
than  a  triangular  one  as  in  C.  gracilis.  The 
suprascapula  supports  a  well  ossified  V- 
shaped  cleithrum.  No  traces  of  episternum, 
sternum,  or  coracoidal  cartilages  were 
found. 

Pelvic  girdle  (Fig.  11  A).  The  pelvic 
articulation  is  acroiliac,  the  tips  of  the  ilia 
articulating  with  the  sacrum.  The  pelvis 
forms  an  elongated  triangle  whose  head 
angle  is  roughly  30°.  In  both  features  of 
the  pelvis  it  is  distinguishable  from  C. 
gracilis,  whose  pelvis  is  shorter,  having  a 
head  angle  of  roughly  45°.  The  pubis  and 
ischium  are  strongly  ossified.  No  traces  of 
epipubis  were  found. 

Limbs  (Fig.  13  A).  No  essential  mcristic 
characters  distinguish  the  limbs  from  those 
of  C  gracilis,  but  differences  do  occur  in 
shape  and  size.  The  humerus  is  a  straight, 
very  long,  smooth  shaft,  expanding  only 
near  its  ends,  being  subequal  in  diameter 
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Figure  9.      Cord/cepho/us  longicoslatus,   reconstruction. 

lliroiighout  its  length.  The  capitate  emi- 
nence is  well  developed.  The  radioulna  is 
relatively  long,  having  a  well-developed 
olecranon  process  (Pi.  11  (>).  There  are 
nine  carpals  and  fonr  snbec^ual  fingers 
involving  very  long  metacarpals,  as  in  C'. 
gracilis.  In  no  specimens  were  the  plia- 
langes  entirely  preserved;  the  phalangeal 
formnla  is  thns  indeterminable.  The  termi- 
nal phalanges  are  pointed.  The  femnr  is 
laintK  sigmoid  in  sliape,  greatly  expanded 
at  both  ends,  being  slightl)-  larger  than  the 
tibiofibnla;  the  latter  is  grooved  through- 
out. The  tibiale  and  fibulare  are  relativeU' 
long.  The  five  metatarsals  are  very  long; 
the  terminal  phalanges  are  ]")()inted. 

OSTEOLOGICAL  SUMMARY 

The  tollowiiig  list  summarizes  for  each 
skeletal  system  the  cliiiracters  common  to 
all  three  species,  and  also  the  skull,  ix'lvis, 
and  tarsal  features  distinguishing  C'ordi- 
cc'phdhis   from    llidKicitidcus.     (Shape    dil- 


ferences  between  the  two  genera  are  not 
repeated.  See  Tables  6  and  7  for  qualita- 
tive differences  in  skull  and  pelvis,  Tables 
4  and  5  for  quantitative  differences  be- 
tween   Covdiccphalus   and    TJiordciUacus. ) 

SKULL  (Fig.  10) 

1)  Skull  well  ossified,  broader  than 
long. 

2)  Frontoparietals  large,  vase-shaped, 
a/.ygous. 

.3)  Premaxillae  and  maxillae  dentiger- 
ous. 

4 )  Maxillary  arcade  incomplete. 

5 )  Otic  capsules  extensive. 

6)  Plectrum  of  columella  well  ossified 
and  developed,  slightly  curved  rod. 

7)  Pterygoids  extensive,  with  a  long 
anterior  extension. 

S)  Parasphenoid  sword-like,  having 
only  short  basal  processes. 

9)  Sphenethmoid  single,  pointed  an- 
teriorly. 

10)  \'omers  paired  and  edentulous. 

11)  Quadrate  subquadrangular  and  well 
ossified. 

12)  Nasals  well  developed,  medium  to 
broad  in  shape,  forming  a  promi- 
nent rostrum   onh'  in   Thoraciliaciis. 

13  )   Squamosals  reduced. 

14)  Quadratojugals,  palatines  and  men- 
tomandibulars    absent. 

15)  Mandible  edentulous,  consisting  of 
a  slender  dentary  and  a  stronger 
prearticular. 

16)  Supra-otic  arm.  annulus  t\nipanicus 
and  h)ol)ranchial  skeleton  were  not 
found. 

VFHT1<:BHAL  column   (Fig.  11) 

17)  Eight  presacral  vertebrae. 

18 )  Sacrum  consists  of  the  ninth  \ crte- 
bra  ha\ing  greatly  expanded  diaj^o- 
physes. 

19)  Postsacral  vertebrae  one  in  lliora- 
ciliactts,  or  two  in  Cordici])}ia]ns. 

20)  (>entrum  cctochordal. 

21  )    Vertebrae   opisthocoelous. 

22 )   Sacro-urostvlar  articulation  free  and 
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Figure  10.  Reconstruction  of  the  skulls  of  tfie  three  Ramon  pipids.  A.  Cord/cep/io/us  /ong/cosfotus;  B.  Cordicepho/us  groc- 
ilis;  C.  Thoraciliacus  rostriceps.  Solid  black  and  stippling  are  used  to  distinguish  bones  and  do  not  imply  the  nature  of 
substance. 


monocondylar. 

23)  Four  pairs  of  free  ribs  correspond- 
ing to  presacrals  two  through  five. 

24 )  Rib  fusions  with  their  correspond- 
ing transverse  processes  occasionally 
occur. 

25)  Successive   vertebrae   not   fused. 

PECTORAL  GIRDLE   (Fig.  12) 

26)  Pectoral  girdle  inferred   arciferal. 

27)  Clavicles  and  coracoids  strongly  di- 
vergent. 

2(S)  Coracoids  with  strong  shafts  ex- 
panded at  both  ends. 

29)  Clavicles  large  and  strongly  arched. 

30)  Clavicles  and  coracoids  meet  mid- 
ventrally. 

31 )  Scapula  small  and  mostly  uncleft. 

32)  Suprascapula  a  large  petaloid  blade. 

33)  Cleithrum  large,  V-shaped. 

34)  Sternum,  episternum  and  coracoidal 
cartilages  absent. 

PELVIC  GIRDLE   (Fig.  11) 

35)  Pubis  ossified. 

36)  Ilia  long  in  Thoraciliacus,  relatively 
short    in    Cordiccphalus. 

37 )  Pelvic    articulation    either    iliocostal 


( =  medioiliac,  in   Thoraciliacus)    or 
acroiliac  (in  Cordiccphalus) . 

38)  Ischium  relatively  long. 

39)  Epipubis  absent. 

FORELIMB   (Fig.  13) 

40)  Humerus  straight,  mostly  smooth, 
having  a  well-developed  spherical 
capitate  eminence. 

41 )  Radioulna  single,  flat,  expanded  at 
both  ends,  having  a  prominent  olec- 
ranon. 

42)  Nine  free  carpals. 

43)  Four  fingers  with  very  long  meta- 
carpals, 2,  2,  3,  3  phalanges,  the 
terminals   being  pointed. 

44)  Prepollex  represented  by  its  carpal 
only. 

HINDLIMB   (Fig.  13). 

45)  Femur  faintly  S-shaped,  having  a 
low,  short  femoral  crest. 

46)  Tibiofibula  single,  strong,  slightly 
shorter  than  the  femur. 

47)  Tibiale  and  fibulare  are  elongated, 
fused  at  the  two  ends. 

48)  Five  free  distal  tarsals. 

49)  Five  toes  with  very  long  metatarsals, 
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Figure    11.      Reconstruction    of    the    vertebral    column    and     pelvis   of    tfie    tfiree    Ramon    pipids.     A.    Cordicepholus    /ong/cos/o- 
fus;    B.    Cordicepholus    groc/7iS;    C.    Tfiorac/liocus    rostriceps. 
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51 


2,  2,  3,  4,  3  phalanges,  the  terminals 
being  pointed. 

Prehalinx  represented  by  a  metatar- 
sal in  ilordiev])]Hihis,  hut  onK'  by  a 
tarsal  in  Thoraciliaciis. 
i'^piphyses  of  long  l)ones  \\i'll   ossi- 
ficHl. 


VARIATION 

iSoth  inter-  and  intra-}K)pulational  \aria- 
tions  are  e\ident  in  the  three  sympatrie 
populations  ol  Ramon  Irogs.  The  m()ri)h- 
ologieal  differenees  deseribed  aboxc  (diag- 
noses, Ta])le  6,  7,  and  i'^igs.  4-13)  provide 
the  (jualitative  taxonomie  difieriMitial  evi- 
denee.  Statistieally  signilieant  dillerenees 
of  sexi-ral  \ariat(>s  ( Ta])les  4,  5;  i''ig.  Ifi), 
support  the  (iualitati\e  deduetions.  Tlie 
intci))()))nlati(»uil  (jualitative  and  (pianti- 
tati\c'    dillerenees    are    explieabl(>    onK    on 


the  assumption  ot  three  coexisting  related 
taxa,  and  rule  out  any  sex  or  age  alterna- 
tive (Explanations. 

The  a\ailabilit\'  of  large  samples,  par- 
tieularlx  for  Thoraciliuctis,  permitted  the 
study  ol  intrapopnlational  \ariation  oi 
size,  shape,  and  meristie  characters  in 
Ramon  frogs.  The  detailed  stud\  will  be 
reported  elsewhere.  All  three  Ramon  sam- 
ples are  homogeneous  as  regards  place, 
enxironment.  and  time,  but  heterogeneous 
with  regard  to  sex,  age.  and  iudi\iduals. 
Meristie  \ariations  api^ear  in  Figme  14. 
and  si/e-shape  \ariations  ol  the  xcrtebral 
cohnnn  and  pi>l\is  in  Figure  15. 

44ie  mii\  ariate  statistics  of  the  \}\yvc  po]")u- 
lations  are  shown  in  Table  3.  4"he  coclti- 
cients  ol  \ariation  (  \'  100  s  x)  are  av- 
eraged lor  all  \ariates  and  lor  each  skeletal 
system   ol    the   three   species    in    Figure    16. 


PiPiD  Cretaceous  Frogs  from  Israel  •  Nevo        277 


B 


1  cm 

Figure  12.  Reconstruction  of  the  pectoral  girdles  of  the 
three  Ramon  pipids.  A.  Cordicephalus  longicostatus;  B. 
Cord/cepho/us  gracilis;  C.  r/iorocW/ocus  rosfriceps.  The 
cleithrum  is  indicated  in  black;  the  suprascapula  is  stip- 
pled. 


Skull.  Shape  variation  is  prominent  in 
the  frontoparietals,  cohimella,  and  particu- 
larly in  the  squamosals.  Remarkable  in- 
dividual variation  is  found  in  the  fronto- 
parietals. Four  out  of  62  specimens,  or 
6.5  per  cent,  of  ThoraciJiacus  have  a  median 
suture  in  these  usuallv  azvgous  bones  (e.g. 
in  F  42,  32,  148?,  258).' A  small  median 
oval  foramen  in  specimens  F  14,  54  ?,  56, 
341  might  represent  the  parietal  foramen, 
which  may  not  have  been  preserved  in 
other  specimens.  Numerous  small  round 
holes  show  in  each  of  the  frontoparietals 
of  six  specimens  (F  42,  45,  98,  133,  134, 
213).    Their  nature  is  obscure.    Teeth  vary 


in  number  in  the  maxilla  ( 33-37;  mean  = 
35),  and  premaxilla  (8-10). 

Vertebral  column  (Figs.  11,  14,  15). 
Size,  shape,  and  meristic  variation  are  evi- 
dent in  each  part  of  the  column  but  are 
most  striking  in  the  urostyle.  Eight  pre- 
sacrals characterize  all  three  species,  yet 
one  or  two  specimens  (F  112,  on  Fig.  15, 
and  127  ? )  out  of  256,  or  0.8  per  cent,  have 
nine  presacrals.  All  analyzable  centra 
proved  opisthocoelous  in  261  skeletons,  but 
many  vertebrae  are  not  determinable.  The 
sacral  diapophyses  in  239  out  of  250,  or 
95.6  per  cent,  are  symmetrically  attached 
to  the  ninth  vertebra.  The  remaining  11 
specimens  display  individual  variation  of 
right-left  asymmetry  of  the  diapophyses  on 
the  ninth  vertebra  only,  or  involving  the 
8th,  and  10th  vertebrae,  as  well  (Figs. 
14,  15 ) .  Successive  vertebrae  are  not  fused 
throughout  the  column.  Ribs  display  strik- 
ing individual  variations  in  shape,  size,  and 
direction,  and  presumably  age  variation  in 
fusions  with  their  diapophyses.  The  older 
the  animal  the  more  fusions  occur,  partic- 
ularly in  ribs  1  and  4.  The  atlas  is  nonnally 
ribless,  yet  in  17  out  of  232  cases,  or  7.3 
per  cent,  it  has  small  and  simple  ribs  or 
just  diapophyses  (Fig.  15,  F  60).  The 
second  rib  of  Thoraciliacus  is  the  longest 
in  138  out  of  181  cases.  In  43  specimens, 
or  23.75  per  cent,  the  third  is  the  longest. 
The  urostyle  may  be  \\'ide  and  short  or  long 
and  narrow.  The  proximal  portion  tends  as 
a  rule  to  have  postsacral  vertebrae,  diapoph- 
yses or  both.  Out  of  184  cases,  178,  or 
96.73  per  cent,  display  postsacrals;  the  rest 
are  apparently  smooth  indivisible  rods.  In 
Thoraciliacus,  140,  or  76.08  per  cent,  have 
one  postsacral,  with  or  ^^'ithout  diapophy- 
ses. In  Cordicephalus,  3  out  of  9,  or  68.4 
per  cent,  have  two  postsacrals;  for  other 
variations  and  their  frequencies,  involving 
up  to  four  postsacrals,  refer  to  Figures  14 
and  15,  and  Plate  6  B. 

Pectoral  girdle  ( Fig.  12 ) .  The  scapula  is 
the  most  variable  component  of  the  pec- 
toral girdle  of  the  three  species.  Normally 
its    proximal    margin    is    uncleft;    yet    cleft 
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Figure    13.      Reconstruction    o(    the    manus    (upper    three    drawings),   and   pes   and    tarsus    (lower   three   drawings)    of    the   three 
Rannon    pipids.      A.    Cordicep/io/us    /ongicosfofus;    B.     Cordicepho/us    gracilis;    C.     rhoroci/iocus    rostnceps. 
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Figure  14.  Meristlc  variations  in  Jhoraallacus  roitriceps  and  Cordicephalus  gracilis.  Horizontal  bars  indicate  percent- 
ages; the  numbers  on  the  right  and  left  sides  are  of  specimens.  Figure  15  shows  some  of  the  variants  whose  frequencies 
appear    above. 
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Figure  15.  Variations  in  the  vertebral  column  and  pelvis  of  Thoracdiacus  rostriceps.  For  frequencies  of  the  presented 
coses  refer  to  Figure  14.  Note  variation  in  shape  of  ribs,  ilia,  sacrum,  urostyle.  Fl — iliocostal  articulation;  ilia  contact 
extensions  of  presacrals  4,  5,  9.  F2 — iliocostal  articulation  as  for  F  1 ;  note  puboischium  complex.  F4 — dorsal  aspect; 
iliocostal  articulation,  the  ilia  contact  the  extensions  of  presacrals  5,  9.  F  5 — rib  2  longer  than  3;  postsacral  with  dia- 
pophyses.      F12 — three    postsacrals.      F13 — asymmetry    of    sacral    diapophyses    on    vertebra    9.      F  24 — bisacrum.      F  36 — ecto- 
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chordal  centra.  F  40 — black  indicates  matrix;  note  asymmetry  of  sacral  diapophyses.  F  26 — sacral  asymmetry:  right 
sacral  diapophysis  on  vertebra  9;  left  sacral  diapophysis  on  vertebra  8;  abbreviated  on  Figure  14  to:  R-9-L-8.  F128 — 
sacral  asymmetry:  R-8-L-9.  F317 — sacral  asymmetry:  R-9-L-10.  F  59 — two  postsacrals;  asymmetry  of  rib  one.  F  315 — 
four  postsacrals.  F  60 — five  ribs  (additional  rib  on  the  atlas).  F112 — five  ribs;  nine  presacrals;  three  postsacrals.  F  1 20 — 
lips  of  ilia  reach  level  of  presacral  seven.     F  59 — counterpart;  black    indicates    matrix;    tv/o    postsacrals   v/ith   diapophyses. 
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Figure    16.      Mean   V,    coefficient  of  variation,   of   the    three    Ramon    species,    for    the    whole    skeleton,    and    for    each    skeletol 
system. 


scapulae  show  in  9  out  of  78  cases,  or  11.5 
per  cent,  of  TJioiaciliactis;  in  1  out  of  11  in 
Cordiccphahis  ii,mcilis,  and  in  all  of  the 
three  analyzable  cases  of  C.  ]oiiii,icostatus 
(PI.   11  E). 

Pchic  iiirdle  (Figs.  11,  14,  15).  The 
pelvic  articulation  is  highly  variable  in 
Tlioraciliacu.s-.  The  tips  of  the  ilia  make 
contact  with  ribs  3  and  4  ( PI.  6  A )  in  101 
out  of  243  cases,  or  41.6  per  cent,  and  with 
only  the  4th  rib  (Pi.  6  E)  in  another  41.6 
per  cent,  amounting  to  83  per  cent  ilio- 
costal contact  in  all.  In  the  remaining  17 
per  cent  the  ilia  end  freely  at  the  level  of 
presacrals  5,  6,  and  7  (PI.  4).  The  great 
variation  is  reflected  in  the  high  V  of  pre- 
sacral ilium  of  26.93  (Table  3). 

lAmhs.  The  limbs  display  the  least  me- 
ristic  and  continuous  xariation  in  the  whole 
skeleton   (  figs.    13,   16). 

In  summary,  TJioraciliacti.s  is  moic  \ar- 
iable  than  Cord\cc])ha]us  in  both  meristic 
and  continuous  variations  ( I'^igs.  14,  16). 
44ie  co(4ficient  of  variation  (V)  is  18.05  in 
ThoruciUacus  rofitriccp.s  (average  of  28 
variates),    versus    15.90    in    C.onlicepJuiltts 


gracili.^,  and  15.75  in  C.  louii,icost(itus  (av- 
erage of  25  and  24  variates  respectively). 
The  different  skeletal  systems  \\  ithin  a  spe- 
cies display  differential  amounts  of  varia- 
tion. In  all  three  species  the  pelvis  is  the 
most,  the  limbs  are  the  least,  variable. 
Other  skeletal  systems  differ  in  order  of 
decreasing  amount  of  variations  among  the 
three  species  (Figure  16). 

DISCUSSION 

Relationships   and    Evolutionary   Interpreta- 
tion of  Ramon  Frogs 

Ck'tu'ial.  The  characters  listed  in  the  os- 
teological  smnmary  indicate  that  the  three 
Ramon  species  are  closel\-  related  and  ma\ 
be  referred  to  the  same  family.  Each  skel- 
etal svstem  will  now  be  e\alua(i'd  tor  taxo- 
iiomic  relationshiiis,  variation,  adajitation, 
and  phylogenv ,  in  order  to  assess  the  evo- 
lutionarv  significance^  of  Hamon  frogs.  The 
evaluation  ol  the  ta.xonomic-  criteria  and 
their  signiticance  is  largeK'  based  on  the 
critical  review   of  Griffiths  (  1963). 

4'he  precise  Paleozoic  ancestrv  ol  .\ruua 
is  uncertain   (Parsons  and  Williaius.    1963), 
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Table  2.     Measurements  in  Millimeters  of 
THE  TvPE  Specimens 


Table  2.     Continued 


Thora- 
ciliacus 

Cordi- 
cephalus 

Cordiceph- 
ahts  longi- 

rosfriccps 
HUJZ  No. 
Variate                           F  93 

firacili.s 

HUJZ  No. 

F  16.5 

costatua 

HUJZ  No. 

F  171 

Head  +  body  length 

41.4 

30.3 

31.0 

Skull   len.uth 

14.5 

10.6 

11.8 

Skull  width 

14.5 

12.0 

11.5 

Otie  capsule  length 

5.0 

5.1 

5.0 

Otie  capsule  width 

4.2 

3.4 

3.0 

\^ertebral  column 

length 

11.6 

9.0 

10.5 

Urostyle  length 

11.0 

7.8 

9.4 

Humerus  length 

11.0 

9.2 

10.0 

Radioulna  length 

8.4 

6.2 

7.3 

Metacarpalia  length 

6.2 

5.0 

5.8 

Clavicle  length 

6.2 

— 

— 

Coracoid  length 

4.6 

— 

4.9 

Scapula  length 

3.6 

3.0 

2.9 

Scapula  width 

2.4 

2.2 

2.5 

Femur  length 

13+ 

12.8 

13.0 

Tibiofihula  length 

— 

12.2 

13.0 

Tibiale-fibulare  length 

— 

5.0 

5.6 

Metatarsalia  length 

— 

6.6 

6.0 

Sacral  diapophysis 

length 

4.1 

4.1 

4.0 

Sacral  diapophysis 

width 

3.0 

2.9 

2.4 

Puboischium  length 

4.4 

2.8 

3.6 

Presacral  ilium  length 

3.6 

0.7 

— 

Ilium  length 

17.4 

U.O 

12.2 

Specification  of  measurements. 

Head  +  body  length.  The  distance  from  tip  of 
snout  to  tip  of  ischium. 

Skull  length.  The  distance  from  tip  of  snout  to 
posterior  margin  of  exoccipital  condyles. 

Skidl  width.  The  maximum  distance  between  the 
outer  margin  of  the  prearticular  along  a  line 
nonnal  to  mid-otic  capsules. 

Vertehral  coUimn  length.  The  distance  from  tip  of 
atlas  to  tip  of  sacrum. 

Clavicle  length.  The  least  distance  between  tips 
of  clavicles. 

Scapula  length.  The  total  distance  of  the  diagonal 
outer  margin  of  scapula. 

Scapula  width.  The  minimum  distance  between 
the  anterodistal  point  of  scapula  to  the  proxi- 
mal uncleft  margin. 

Sacral  diapophij.sis  width.  The  distance  from  the 
lateral  margin  of  the  centrum  to  the  distal  mar- 
gin of  the  diapophysis  along  a  line  normal  to 
the  centrum. 

Puboischium  length.  The  distance  from  tip  of 
pubis  to  tip  of  ischium. 


Ilium  presacral  length.  The  length  from  the  ante- 
rior tip  of  the  sacral  diapophysis  to  the;  anterior 
tip  of  the  ilium. 
All  other  dimensions  are  the  maximum  distances 
between  parallel  planes  tangential  to  the  desig- 
nated anatomical  elements:  urostyle,  humerus, 
radioulna,  metacarpal,  metatarsal,  tibiofihula,  tibi- 
ale-fibulare, etc. 


yet  amphibamids  (Griffith.s,  1963,  and  his 
references;  Estes,  1965)  or  branchiosaurids 
(Noble,  1931;  Reig,  1964)  are  possible  an- 
cestors. On  the  other  hand,  the  early  Trias- 
sic  Triadohatrachus  {— Protohatnicluis^ 
name  preoccnpied,  Kuhn  1962)  seems  to 
be  a  plausible  proanuran  ancestor  (Grif- 
fiths, 1963;  Tihen,  1965),  despite  some  re- 
cent doubts  (Hecht,  1962).  The  earliest 
known  true  frog,  VieracUo  herhstii  Reig, 
from  the  early  Jurassic  of  Argentina  indi- 
cates that  the  anuran  grade  evolved  in 
pre-Jurassic  times.  The  still  undocumented 
transition  from  proanurans  to  anurans  took 
place  presumably  during  the  Triassic.  In 
the  following  discussion  I  will  refer  to  laby- 
rinthodonts,  Triadohatrachus,  and  Jurassic 
frogs  as  the  points  of  reference  by  which 
to  distinguish  primitive  from  specialized 
characters.  All  references  to  TriadoJ)atra- 
cJnis-  and  Notohatrachus  are  to  Piveteau 
(1937)  and  Reig  (1957),  respectively,  un- 
less otherwise  specified. 

SkuU.  The  skulls  of  the  three  Ramon 
species  have  many  more  features  in  com- 
mon than  those  separating  them.  This  is 
evident  from  the  similarities  given  in  the 
osteological  summary  and  the  differences 
as  shown  in  Table  6.  The  differences  are 
either  specific  or,  at  most,  generic  in  rank. 

In  most  characters  the  skulls  of  all  three 
species  agree  with  the  skulls  of  Recent 
pipids  (Paterson,  1939,  1945,  1955,  1960). 
The  character  complex  indicative  of  pipid 
affinities  comprises:  azij'^ous  frontoparie- 
tals; deveh)ped  cohimeUa;  1ar<j.e  otic  cap- 
sules; an  incomplete  maxillary  arcade; 
reduced  maxillae,  vomers,  and  .squamosals; 
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Table  3.     Measurements  of  Thor.aciliacvs  rostriceps,  Cordicephalus  gracilis,  and  Cordiceph- 

alus  longicostatus,  in  millimeters 


Standard 

Standard 

Coefficient 

Error 

Deviation 

of  Variation 

Variate 

N 

Ran;4e 

Mean  (a) 

(Sp 

(.s) 

(V) 

A. 

Thoraciliacus 

rostriceps 

Head  +  body  length 

118 

20.5-51.5 

32.49 

0.49 

5.38 

16.56 

Skull  length 

126 

6.6-17.0 

12.05 

0.17 

1.95 

16.24 

Skull  width 

122 

9.2-18.2 

12.79 

0.15 

1.76 

13.76 

Otic  capsule  length 

140 

2.4-  6.9 

4.32 

0.06 

0.81 

18.92 

Otic  capsule  width 

141 

2.6-  6.8 

4.21 

0.06 

0.80 

18.98 

Orbit  length 

88 

2.8-  8.4 

5.53 

0.13 

1.06 

19.21 

Orbit  width 

88 

1.4-  5.2 

3.01 

0.08 

0.75 

25.05 

Interorbital  space 

64 

2.5-  6.5 

4.05 

0.12 

0.97 

23.94 

Vertebral  column  length 

170 

7.0-17.8 

11.01 

0.13 

1.78 

16.17 

Urostyle  length 

121 

5.0-12.4 

8.03 

0.15 

1.70 

21.19 

Urostyle  width 

10.5 

1.0-  3.3 

2.02 

0.04 

0.45 

22.60 

Puboischium  length 

82 

1.2-  5.6 

2.90 

0.08 

0.78 

27.18 

Humerus  length 

158 

6.4-13.0 

9.65 

0.11 

1.41 

14.65 

Radioulna  length 

138 

4.4-  9.3 

6.76 

0.08 

1.02 

15.10 

Metacarpalia  length 

84 

4.0-  7.9 

5.72 

0.09 

0.88 

15.46 

Clavicle  length 

42 

3.3-  6.6 

4.79 

0.12 

0.78 

16.30 

Coracoid  length 

74 

3.0-  6.3 

4.39 

0.07 

0.63 

14. .35 

Scapula  length 

105 

1.7-  4.2 

3.04 

0.05 

0.50 

16.59 

Scapula  width 

100 

1.5-  3.5 

2.45 

0.04 

0.43 

17.86 

Femur  length 

114 

10.0-19.0 

13.47 

0.14 

1.60 

11.88 

Tibiofibula  length 

88 

9.5-16.7 

13.00 

0.17 

1.61 

12.44 

Tibiale-fibulare  length 

69 

4.0-  8.8 

6.18 

0.11 

0.96 

15.56 

Metatarsalia  length 

52 

4.3-  8.3 

6.40 

0.11 

0.85 

13.28 

Sacral  diap()ph>sis  length 

138 

2.4-  6.7 

3.92 

0.06 

0.78 

19.92 

Sacral  diapophysis  width 

142 

1.2-  4.4 

2..55 

0.04 

0.50 

19.64 

Ilium   length 

138 

9.0-19.6 

13.72 

0.17 

2.08 

15.25 

Ilium  presacral  length 

147 

1.0-  6.7 

3.25 

0.07 

0.87 

26.93 

Ilium   width 

125 

0.7-  1.7 

1.07 

0.01 

0.22 

20.59 

B. 

Corcliccplidlus  gracilis 

Head  -f  body  length 

30 

22.5-31.5 

26.05 

0.42 

2.32 

8.92 

Skull   length 

21 

8.4-11.7 

9.87 

0.22 

1.03 

10.53 

Skull   width 

17 

8.7-13.0 

10.63 

0.32 

1 .35 

12.76 

Otic  capsule  length 

32 

3.3-  5.1 

4.14 

0.08 

0.50 

12.10 

Otic  capsule  width 

34 

3.0-  4.4 

3.76 

0.07 

0.41 

11.06 

Orbit  length 

12 

3.6-  6.0 

4.70 

0.20 

0.69 

14.68 

Orbit   width 

12 

2.1-  3.5 

2.71 

0.12 

0.44 

16.. 37 

Vertebral  colunm  length 

41 

7.4-  9.8 

8.69 

0.08 

0.50 

5.76 

Urostyle  length 

24 

4.7-  8.8 

6.70 

0.23 

1.17 

17.49 

Urostyle  width 

28 

1.0-  2.4 

1.51 

0.05 

0.29 

19.35 

l'ub()is( ilium    Icngtli 

]■] 

1.3-  2.8 

2.10 

0.12 

0.50 

21.38 

Humerus   length 

26 

7..5-10.0 

8.70 

0.11 

0.60 

6.94 

Radioiihia    length 

23 

5.2-  7.0 

6.20 

0.11 

0.56 

9.05 

Metacarpalia  length 

17 

3.8-  6.2 

4.98 

0.15 

0.65 

13.09 

Clavicle   length 

■■) 

3.6-  4.5 

4.05 

0.45 

0.63 

15.71 

Coracoid  length 

14 

3.1-  5.2 

4.07 

0.16 

0.59 

14.65 

Scapula  length 

15 

2.0-  3.0 

2.48 

0.09 

0.35 

14.15 

Scapula  width 

16 

1.7-  2.7 

1 .90 

0.06 

0.25 

13.45 

l'\'mur  length 

20 

10.0-13.8 

1  1.40 

0.26 

1.18 

10.39 

Tibiofibula  length 

17 

9.8-13.2 

11.10 

0.23 

0.96 

8.69 

Tibiale-fibulare  length 

16 

4.3-  6.2 

5.15 

0.13 

0.55 

10.69 

Metatarsalia  length 

14 

4.5-  6.7 

5.89 

0.17 

0.63 

10.82 
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Table  3.     Continued 


Standard 

Staiidaid 

(Coefficient 

Error 

Deviation 

of  Variation 

Variate 

N 

Range 

Mean  (.r) 

(S,) 

U) 

(V) 

Sacral  diapophysis  length 

33 

2.7-   4.6 

3.45 

0.08 

0.49 

14.21 

Sacral  diapophysis  width 

36 

2.1-  3.3 

2.65 

0.05 

0.31 

11.89 

Ilium  length 

26 

8.2-11.8 

10.21 

0.19 

0.97 

9.57 

Ilium  presacral  length 

22 

0.0-  1.7 

0.42 

0.11 

0.52 



Ilium  width 

26 
C. 

0.7-  1.2 
Cordicephalus 

0.92 
longicostatus 

0.02 

0.12 

13.84 

Head  +  liody  length 

9 

28.0-33.0 

31.44 

0.55 

1.66 

5.30 

Skull  length 

6 

9.0-11.9 

10.40 

0.48 

1.20 

11.52 

Skull  width 

4 

11.5-12.5 

12.00 

0.20 

0.40 

3.40 

Otic  capsule  length 

10 

3.5-  5.0 

4.31 

0.15 

0.48 

11.23 

Otic  capsule  width 

9 

3.0-  5.0 

3.85 

0.25 

0.76 

19.93 

Orhit  length 

3 

5.6-  7.0 

6.36 

0.40 

0.71 

11.14 

Orhit  width 

2 

4.0-  4.6 

4.30 

0.30 

0.42 

9.87 

Vertebral  column  length 

14 

9.0-12.0 

10.15 

0.20 

0.78 

7.74 

Urostyle  length 

8 

8.0-  9.9 

8.95 

0.21 

0.60 

6.78 

Urostyle  width 

10 

1.5-  2.3 

1.71 

0.07 

0.23 

13.91 

Puboischium  length 

6 

2.5-  4.3 

3.28 

0.25 

0.61 

18.82 

Humerus  length 

12 

8.5-12.0 

10.19 

0.28 

0.98 

9.65 

Radioulna  length 

10 

6.1-  8.5 

7.44 

0.22 

0.71 

9.68 

Metacarpalia  length 

8 

5.3-  6.0 

5.61 

0.10 

0.29 

5.25 

Clavicle  length 

1 

5.3 

5.30 

— 

— 

— 

Coracoid  length 

7 

3.5-  4.9 

4.21 

0.19 

0.50 

12.05 

Scapula  length 

5 

2.3-  3.0 

2.70 

0.14 

0.32 

12.00 

Scapula  width 

4 

2.1-  2.5 

2.27 

0.08 

0.17 

7.51 

Femur  length 

6 

11.0-13.0 

12.23 

0.29 

0.70 

5.80 

Tibiofibula  length 

4 

10.1-13.0 

11.90 

0.69 

1.39 

11.70 

Tiliiale-fibulare  length 

3 

5..3-  5.8 

5.56 

0.14 

0.25 

4.52 

Metatarsalia  length 

2 

5.5-  6.0 

5.75 

0.25 

0.35 

6.15 

Sacral  diapophysis  length 

9 

3.2-  4.3 

3.72 

0.11 

0.35 

9..38 

Sacral  diapophysis  width 

10 

2.4-  3.8 

3.07 

0.12 

0.40 

13.03 

Ilium  length 

11 

9.7-12.6 

11.71 

0.25 

0.84 

7.19 

Ilium  presacral  length 

8 

0.0-  2.5 

0.48 

0.33 

0.94 

— 

Ilium  width 

10 

1.0-  1.4 

1.13 

0.05 

0.16 

14.48 

absence  of  palatines,  quadrafojugals,  and 
mcntomandihuJars:  and  ossified  quadrates. 
Each  isolated  character  may  appear,  and 
vary  distinctly,  in  other  families;  only  the 
assemblage   implies  pipid   allocation. 

Azygous  frontoparietals,  though  univer- 
sal in  pipids,  were  described  also  for  Hemi- 
sus,  Pelohates,  Rhinophrynus,  and  Palaeo- 
hat radius.  It  is  noteworthy  that  these  are 
either  fossorial  or  aquatic  forms.  The  pres- 
ence of  a  suture  in  the  frontoparietals  of 
the  Cretaceous  Eoxenopoides,  Saltenia,  and 
possibly  Shelania  was  incorporated  in  the 
diagnosis  of  the  new  pipoid  family  Eoxe- 
nopoididae  (Casamiquela,  1961a).  Yet 
paired  frontoparietals  are  displayed  by  pre- 


metamorphic  Xenoptis  (Sedra  and  Michael, 
1958),  and  a  median  suture  is  a  variable 
character  in  ThoracUiacus  (Fig.  14).  Hence 
both  embryology  and  variation  speak 
against  high  taxonomic  significance  for  the 
divided  condition,  and  the  character  is 
better  included  within  pipid  developmen- 
tal patterns  and  variational  range. 

Ear.  Most  anurans  have  complete  mid- 
dle ear  bones.  Occasionally,  however,  the 
columella  is  missing  and  only  the  oper- 
culum remains.  The  latter  condition  is  a 
feature  of  the  following  random  assem- 
blage of  anurans:  Phryniscus,  Hemisns, 
Cacosternum,  Brachyccphahis,  Pelohates, 
Rhinophrynus,    Bomhina,    and    ascaphids. 
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Table  4.     Student's  ^-tests  Between  the  Sample  Means  of  the  Two  Genera  Thoraciliacus  and 

cordicephalus 


Thoraciliacus 

Cordiceph 

alus 

Stu- 

Degrees 

Stan- 

Stan- 

dard De- 

dard De- 

dent's 

of 

Variate 

N 

Mean 

viation 

N 

Mean 

viation 

f 

Freedom 

p 

Head  +  body  length 

118 

32.49 

5.38 

39 

27.29 

3.16 

5.705 

155 

<.001 

Skull  length 

126 

12.05 

1.95 

27 

9.99 

1.07 

5.293 

151 

<.001 

Skull  width 

122 

12.79 

1.76 

21 

10.89 

1.34 

4.713 

141 

<.001 

Orbit  length 

88 

5.53 

1.06 

15 

5.03 

0.96 

1.697 

101 

.1 

Orbit  width 

88 

3.01 

0.75 

14 

2.94 

0.71 

0.313 

100 

.7-.8 

Otic  capsule  length 

140 

4.32 

0.81 

42 

4.18 

0.49 

1.058 

180 

.2-.3 

Otic  capsule  width 

141 

4.21 

0.80 

43 

3.78 

0.50 

3.349 

182 

<.001 

Vertebral  column  length 

170 

11.01 

1.78 

55 

9.06 

0.86 

7.823 

223 

<.001 

Urostyle  length 

121 

8.03 

1.70 

32 

7.26 

1.44 

2.. 328 

151 

.02 

Urostyle  width 

105 

2.02 

0.45 

38 

1.56 

0.29 

5.775 

141 

<.()01 

Puboischium  length 

82 

2.90 

0.78 

19 

2.47 

0.74 

2.155 

99 

.02-.05 

Humerus  length 

158 

9.65 

1.41 

38 

9.17 

1.01 

1.978 

194 

.05 

Radioulna  length 

138 

6.76 

1.02 

33 

6.57 

0.83 

0.977 

169 

..3-.4 

Metacarpalia  length 

84 

5.72 

0.88 

25 

5.18 

0.63 

2.829 

107 

.Ol-.OOl 

Clavicle  length 

42 

4.79 

0.78 

3 

4.46 

0.85 

0.701 

43 

.4-.5 

Cnracoid  length 

74 

4.39 

0.63 

21 

4.12 

0.56 

1.794 

93 

.05-.  1 

Scapula  length 

105 

3.04 

0.50 

20 

2.53 

0.34 

4.. 300 

123 

<.()01 

Scapula  width 

100 

2.45 

0.43 

20 

1.97 

0.28 

4.712 

118 

<.001 

Femur  length 

114 

13.47 

1.60 

26 

11.59 

1.13 

5.658 

138 

<.001 

Tibiofibula  length 

88 

13.00 

1.61 

21 

11.25 

1.06 

4.711 

107 

<.()01 

Tibiale-fibulare  length 

69 

6.18 

0.96 

19 

5.22 

0.53 

4.177 

86 

<.001 

Metatarsalia  length 

52 

6.40 

0.85 

16 

5.87 

0.60 

2.310 

66 

.02 

Sacral   diapophysis   length 

138 

3.92 

0.78 

42 

3.51 

0.47 

3.197 

178 

>.()()1 

Sacral  diapophysis  width 

142 

2.55 

0.50 

46 

2.74 

0..37 

2.409 

186 

.01-.02 

Ilium  length 

138 

13.72 

2.08 

37 

10.65 

1.16 

8.577 

173 

<.001 

Ilium  presacral  length 

147 

3.25 

0.87 

30 

0.43 

0.64 

16.679 

175 

<.001 

Ilium  width 

125 

1.07 

0.22 

36 

0.98 

0.16 

2.385 

159 

.01-.02 

The  correlation  between  the  absence  of  the 
columella  and  fossorial  hal^its  ( Eiselt, 
1941),  either  in  terrestrial  or  marginal 
aquatic  habitats,  may  prove  significant,  but 
it  needs  furtlier  evidence.  Conversely,  pi- 
pids  have  a  remarkably  developed  colu- 
mella, suggesting  its  efficacy  in  purely 
a(}uatic  habitats. 

Most  Jurassic  and  (h-etaccous  frogs  ha\c 
a  columella,  indicating  its  primitiveness  in 
Anura.  The  Notobatrachti.s  case  is  as  \t't 
unsettled  (see  Casamiquela,  1961a,  1),  and 
Mecht,  1963,  for  n(\gative  and  positi\c> 
statements,  respectively).  Ramon  Irogs 
have  a  large  columella  linked,  at  least  in 
CordicepJiaitts,  with  an  operculum,  as  in 
Recent  Xenopus.  Presence  of  middle  ear 
bones  app(>ars  to  be  primary,  hence  prim- 
itive. 


Extensive  otic  capsules,  varying  only  in 
degree,  are  a  feature  of  all  pipoids.  Large 
capsules  as  an  exclusive  eoxenopoidid  char- 
acter (Casamiquela,  1961a)  are  thus  ruled 
out.  Hecht  (1963:  22)  claims  that  en- 
larged otic  capsules  are  a  feature  of 
"advanced  tadpoles  and  metamorphosing 
indixiduals,"  but  large  otic  capsules  charac- 
terize all  Hamon  pipids  and  the  capsule 
size  is  positi\ely  correlated  with  total 
length.  The  correlation  coefficient  in  llio- 
raciliarm  [N  =  80)  is  0.37  (F  <  .001).  Hence 
the  extensive  otic  capsules  of  pipoids  in- 
crease in  size  with  agc>  and  are  not  just  an 
cmbrxonic  feature  but  rather  a  lifelong 
adaptation  especialh'  i-)rominent  in  adults. 
Paterson  (1960)  suggtvsted  that  the  pres- 
ence ol  a  large  otolith  in  the  inner  ear  sac- 
eulus    ol    i)ipid,s    implied    gra\  itational    and 
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Table  5.     Student's  ^tests  Between  the  Sample  Means  of  the  Two  Species  oe  Cordicephalus 


Cordicephalus 

gracilis 

Cordicephalus  longicostatiis 

Standard 

Standard 

Stu- 

Dejirees 

Devia- 

Devia- 

dent's 

of 

Variate 

N 

Mean 

tion 

N 

Mean 

tion 

t 

Freedom 

P 

Head  +  body  length 

30 

26.05 

2.32 

9 

31.44 

1.66 

6.449 

37 

<.001 

Skull  length 

21 

9.87 

1.03 

6 

10.39 

1.19 

1.054 

25 

.3 

Skull  width 

17 

10.63 

1.35 

4 

11.99 

0.40 

1.956 

19 

.05-.  1 

Orbit  length 

12 

4.69 

0.69 

3 

6.36 

0.70 

3.725 

13 

.Ol-.OOl 

Orbit  width 

12 

2.71 

0.44 

2 

4.29 

0.42 

4.678 

12 

<.()01 

Otic  capsule  length 

32 

4.14 

0.50 

10 

4.30 

0.48 

0.922 

40 

.3-.4 

Otic  capsule  width 

34 

3.76 

0.41 

9 

3.85 

0.76 

0.464 

41 

.6-.7 

Vertebral  column  length 

41 

8.69 

0.50 

14 

10.14 

0.78 

8.085 

53 

<.001 

Urostyle  length 

24 

6.70 

1.17 

8 

8.94 

0.60 

5.140 

30 

<.0Ol 

Urostyle  width 

28 

1.51 

0.29 

10 

1.70 

0.23 

1.934 

36 

.05-.  1 

Puboischium  length 

13 

2.09 

0.44 

6 

3.28 

0.61 

4.752 

17 

<.001 

Humerus  length 

2fi 

8.70 

0.60 

12 

10.19 

0.98 

5.738 

36 

<.()01 

Radioulna  length 

23 

6.20 

0.56 

10 

7.43 

0.71 

5.334 

31 

<.001 

Metacarpalia  length 

17 

4.98 

0.65 

8 

5.61 

0.29 

2.562 

23 

.01-.02 

Clavicle  length 

2 

4.04 

0.63 

1 

5.29 

().()() 

1.604 

1 

.3-.4 

Coracoid  length 

14 

4.07 

0.59 

7 

4.21 

0.50 

0.514 

19 

.6-.7 

Scapula  length 

15 

2.47 

0..35 

5 

2.69 

0.32 

1.234 

18 

.2-.3 

Scapula  width 

16 

1.89 

0.25 

4 

2.27 

0.17 

2.755 

18 

.01-.02 

Femur  length 

20 

11.40 

1.18 

6 

12.23 

0.70 

1.613 

24 

.1-.2 

Tibiofibula  length 

17 

11.09 

0.96 

4 

11.89 

1.39 

1.379 

19 

.1-.2 

Tibiale-fibulare  length 

16 

5.15 

0.55 

3 

5.56 

0.25 

1.242 

17 

.2-.3 

Metatarsalia  length 

14 

5.89 

0.63 

2 

5.75 

0.35 

0.304 

14 

.7-.8 

Sacral  diapophysis  length 

33 

3.45 

0.49 

9 

3.72 

0.40 

1.509 

40 

.1-.2 

Sacral  diapophysis  width 

36 

2.65 

0.31 

10 

3.06 

0.40 

3.464 

44 

.OOl-.Ol 

Ilium   length 

26 

10.21 

0.97 

11 

11.71 

0.84 

4.454 

35 

<.001 

Ilium   width 

26 

0.92 

0.12 

10 

1.12 

0.16 

3.941 

34 

<.001 

Ilium   presacral  length 

22 

0.41 

0.52 

8 

0.48 

0.94 

0.255 

28 

.8 

x'ibrational  responses  of  the  saccular  mac- 
ula. Van  Bergeijk  ( 1959 )  has  experimen- 
tally demonstrated  vibrational  responses  in 
the  saccular  macula  due  to  otolith  motions 
in  Xcnopus  tadpoles.  Finally,  Witschi  cf  al. 
(1953)  suggested  that  the  Xcnopus  ear  is 
adapted  to  underwater  sound  by  its  thick 
adipose  tympanal  mesenchyme,  as  well  as 
fit  to  perceive  aerial  sound  waves  that 
skim  along  the  water  surface.  It  seems 
possible  that  the  greatly  inflated  otic  cap- 
sules of  pipoids  house  air-filled  spaces  sim- 
ilar to  those  found  in  clupeid  and  mormy- 
rid  fishes  (Van  Bergeijk,  1967)  and 
function  as  resonators  which  amplify  weak 
vibrations.  Such  amplificatory  devices  of 
acoustic  and  vibratory  stimuli  would  be  ad- 
vantageous in  water  in  which  amplifying 
mechanisms  of  weak  air-borne  stimuli 
would  be  at  a  premium.    It  appears  that 


the  pipid  ear  is  a  specialized  aquatic  adap- 
tation. 

Reduction  of  some  skull  bones,  such  as 
squamosals  and  prevomers,  is  usually  as- 
sociated with  great  shape  variation  and  is 
confirmed  in  Ramon  frogs.  Such  variation 
may  be  linked  with  degenerating  charac- 
ters which  have  lost  all  function  (Simpson, 
1953).  Absence  of  quadratojugals  (result- 
ing in  an  incomplete  maxillary  arcade)  and 
palatines  occurs  in  various  unrelated  anu- 
rans  (Ramaswami,  1939).  The  absence  of 
these  bones  seems  to  imply  convergent 
paedomorphy  (Griffiths,  1963)  rather  than 
phylogenetic  relationship.  Certainly  all 
cases  of  reduced  and  absent  bones  are  spe- 
cialized, whether  acquired  by  paedomor- 
phy or  by  any  other  genetic  mechanism. 

A  rostrum  of  variable  size  occurs  in  un- 
related anurans,  e.g.,  Bufo  tiiphonius,  Biifo 
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Table  6.     Skull  Differences  of  the  Three   Ramon   Species 


Species 

Skull 
Outline! 

Quadrate 
Rejiion 

Nasals 

Otic 
Capsules 

Thoraciliactis 

Spatulate-ovoid 

Posterior 

Kidney-shaped 

Spherical 

rostriceps 

forming  a  prominent 
rostrum 

Cordicephalus 

gracilis 
Cordicephalus 

Heart-shaped 
Heart-shaped 

Anterior 
Anterior 

Medium,  crescentic 
no  rostrum 
Broad-o\oid 

Elliptical 
Rectangular 

longicostatus 

small  rostrum 

!  Slight  shai^e   differences  characteristic   of   each  species   occur  in  the  parasphenoid,  sphenethmoid,  frontoiiarietals,  pter- 
ygoids. 


iimmdosus,  Triprion  petasatus,  Pipa  pipa, 
and  others.  In  several  tropical  species  of 
LeptodaciijJus  the  rostrum  is  a  sexual  char- 
acter, males  using  pointed  snouts  to  dig 
nesting  holes  for  the  females.  Also,  various 
hurrowing  frogs  have  sharp  narrow  snouts 
evolved  in  parallel  and  convergent  lines 
(Noble,  1931).  Burrowing  down  to  two 
feet  depth  was  reported  for  Hcmipipa 
(Johnson,  1952),  suggesting  the  digging 
habits  in  some  pipids.  Thus  the  prominent 
rostrum  of  Tlioracil incus  may  have  been 
utilized  for  burrowing  in  mud  bottoms. 
The  flat  skull  of  Ramon  frogs  may  also  re- 
flect  an    acpiatic  adaptation. 

Pipoids  share  essentialh'  the  same  skull 
areliitecture  in  spite  of  shape  variation 
within  and  between  taxa  (Table  9).  The 
shape  of  certain  bones  may  partly  indicate 
intergeneric  affinities.  The  sword-like  para- 
sphenoid of  Ramon  frogs  affiliates  them 
with  Xenopus  but  segregates  them  from 
the  broad  parasphenoid  of  Pi))a,  Hijmeno- 
chirus,  SJicIania,  and  the  dagger-shaped 
parasphenoid  of  Eox('uo))oi(l('s  and  Palco- 
halrcicJiu.s.  On  the  other  hand,  broad  nasals 
are  shared  by  Tlioraciliacus,  "eoxenpoi- 
dids,"  paleobatrachids,  Ilyiucnocliini.s  and 
Pipa,  whereas  Cordiccpluilus  has  medium- 
size  nasals,  approximating  the  narrow  Xe- 
no])\ts  nasals.  Cordiccjduihis  further  shares 
with  Xcuoptis  the  anteriorh'  placed  (juad- 
rate  region,  and  it  seems  probable  that  the 
former  type  of  skull  is  morpliologicalK'  an- 
cestral to  the  latter.  On  tlic  othei"  hand, 
the  prominent  Thoracilidcus  lostnim  coii- 
l)led    with    its    pcK  ic    speciali/alioiis    make 


this  genus  an  unlikely  ancestor  of  any  Re- 
cent pipid. 

The  skull  of  Ramon  pipids  is  highly  spe- 
cialized ( Table  10 )  but  does  not  basically 
differ  from  the  highly  specialized  skulls  of 
Recent  pipids  (Paterson,  1955).  Judging 
from  gross  skull  morphology  it  appears  that 
pipid  skulls  have  evolved  little  since  early 
Cretaceous  times,  and  their  main  evolution 
was  presumabl)'  Triassic  in  age. 

In  summary,  the  pipid  skull  is  definable 
by  a  character-complex.  It  is  specialized  to 
aquatic  life  by  its  flatness  and  large  otic 
capsules  and  may  be  paedomorphic.  The 
xariations  displayed  by  fossil  and  Recent 
pipoids  are  at  most  generic  in  rank  and  all 
may  be  referred  to  the  Pipidae. 

Vei-tebrol  column.  The  xertebral  col- 
umn of  the  three  species  is  basically  simi- 
lar, consisting  of  eight  opisthocoelous  pre- 
sacrals with  four  pairs  of  long  free  ribs 
(details  in  the  osteological  siunmary;  re- 
fer to  Table  9  for  comparison  with  other 
pipoids).  The  three  species  differ  in  shape 
of  ribs  and  diajiophyses  and  in  the  num- 
ber of  postsacrals  (Fig.  11).  ThoraciJiacus 
lias  stout  ribs  and  triangular  diapophyses 
in  presacrals  six  through  eight  and  one 
postsacral,  whereas  Cordicephalus-  has 
longer  ribs,  arcuate  diapophyses  and,  as  a 
rule,  two  postsacrals.  As  a  whole,  the  col- 
umn agrees  with  th(^  \(Mt(>bral  column  of 
Recent  pipids  ( Xoble,  1931;  Smit.  1953, 
and  works  thert>  cited).  IIow{>\c'r,  Ramon 
Irogs  are  distinguished  from  all  fossil  and 
Hcecnt  pipoids  by  the  following  character- 
complex:  ('et()ehin(l<d  veriehrac.  one  or  two 
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posfsacrals,  monocondijJar  sacro-urostylar 
arfictilation,  and  four  pairs  of  free  ribs. 
Each  of  these  characters  alone  or  several 
combined  may  occur  in  other  frogs,  but 
the  assemblage  is  unique  to  Cordicephalus 
and  Thoraeiliaeus.  The  following  discus- 
sion deals  with  several  aspects  of  the  col- 
umn. 

Presacrals.  Non-ascaphoids  normally  have 
eight  presacrals,  \\'ith  a  few  generic  vari- 
ants ( for  pipoids  refer  to  Table  9;  for  other 
Anura  see  Noble,  1931 ).  Thus  the  presence 
of  eight  presacrals  in  Ramon  frogs  excludes 
affinities  with  ascaphoids,  which  normally 
have  nine  presacrals  in  the  Recent  Ascaph- 
idae  (Ritland,  1955)  as  well  as  in  the  Jurassic 
Notobatrachidae  (  Reig,  1957 ) .  Neither  the 
0.8  per  cent  of  Thoraeiliaeus  specimens 
having  nine  presacrals  (Figs.  14,  15)  nor 
the  less  than  3  per  cent  of  Aseaphus  skele- 
tons reported  by  Ritland  to  have  eight  pre- 
sacrals violate  this  rule;  they  rather  confirm 
it  by  being  only  individual  variants.  No 
correlation  is  obvious  between  the  number 
of  presacrals  in  Anura  and  the  type  of  loco- 
motion. Both  terrestrial  OreophnjneUa  and 
aquatic  Hijmenoehirus  have  a  synsacrum, 
hence  six  free  presacrals  (Noble,  1931). 
Phylogenetically,  however,  the  number  of 
presacrals,  whether  eight  or  nine,  reflects 
an  ancient  conservative  figure,  associated 
presumably  with  the  emerging  anuran 
grade  and  developed  presumably  from  the 
16  or  so  presacrals  of  triadobatrachids.  All 
Jurassic  and  Cretaceous  frogs  have  one  or 
the  other  of  these  numbers  indicating  their 
primitiveness  in  Anura. 

Opisthoeoehj  is  invariable  in  all  261  stud- 
ied columns  of  Ramon  frogs.  This  confirms 
the  constancy  of  opisthocoely  displayed  by 
Recent  pipid  frogs  as  opposed  to  frequent 
variations  in  other  vertebral  patterns  ( Grif- 
fiths, 1963).  The  articulation  patterns  of 
presacrals  have  been  correlated  with  the 
mechanics  of  motion  ( Gadow,  1933 ) .  Thus 
it  appears  that  terrestrial  life  involving  leap- 
ing, walking  and  climbing  forms  puts  a 
premium  on  procoely,  whereas  opistho- 
coely and  amphicoely  are  mainly  restricted 


to  aquatic  and  some  fossorial  forms.  How- 
ever, this  correlation  is  subject  to  excep- 
tions in  both  directions  and  is  not  yet  ex- 
perimentally supported  (Schaeffer,  1949). 
Phylogenetically,  Triadohatraehus  as  well 
as  the  known  Jurassic  frogs  are  either  am- 
phicoelous  or  opithocoelous,  an  indication 
of  the  primitiveness  of  these  patterns, 
which  appear  to  have  preceded  procoely. 
Hecht's  ( 1963 )  claim  that  Jurassic  Noto- 
batraehus  is  procoelous,  in  contrast  to  its 
reported  amphicoely  (Reig,  1957),  is  dis- 
proved by  the  newly  collected  amphicoe- 
lous  notobatrachid  material  (Casamiquela, 
1961b,  and  personal  communication). 

Anurans  fall  into  three  developmental 
groups  in  respect  to  their  vertebral  centra, 
which  may  be  ectochordal,  stegochordal, 
or  holochordal  (Griffiths,  1963).  Ecto- 
chordy  is  a  feature  of  Triadobatrachus, 
ascaphids  and  rhinophrynids;  stegochordy 
of  discoglossids  and  pipids;  and  holochordy 
of  all  other  anurans.  The  central  type  is 
correctable  with  the  mode  of  locomotion. 
Ectochordy  and  stegochordy  occur  both  in 
aquatic  and  burrowing  forms  such  as  as- 
caphids, discoglossids,  pipids,  rhinophry- 
nids, and  pelobatids.  Contrariwise,  holo- 
chordal or  solid  centra  occur  in  almost  all 
leaping,  walking,  and  climbing  terrestrial 
forms.  Phylogenetically,  the  ectochordy 
and  nonimbricate  zygapophyses  of  Ramon 
frogs  are  replaced  by  stegochordy  and  im- 
bricate zygapophyses  in  Recent  pipids. 
Functionally,  imbricate  zygapophyses  re- 
place the  centrum,  which  in  the  stegochor- 
dal condition  merely  links  the  bases  of  the 
neural  arches  (Griffiths,  1963).  This  evo- 
lution reflects  the  progressive  adaptive  im- 
provement that  pipids  underwent  in  swim- 
ming efficiency.  Evidently,  ectochordy  is 
primitive  and  preceded  stegochordy  and 
holochordy  in  anuran  evolution.  The  first 
two  central  types  typify  the  aquatic,  the 
third  one  the  terrestrial  radiation  of  Anura. 

Po.stsaeraJs.  These  are  constantly  present 
in  Ramon  frogs,  in  contrast  to  their  infre- 
quency  in  other  anurans.  Thoraeiliaeus  has 
one,    Cordieephahis   two   postsacrals    as   a 
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rule,  though  some  individual  variants  dis- 
play three  and  four  urostylar  vertebrae 
(Figs.  14,  15).  One  to  three  postsacrals 
may  oecur  individually  in  Anura,  particu- 
larly in  the  primitive  families  but  also  in 
some  bufonids  and  ranids;  but  they  are 
never  a  constant  feature  as  in  Ramon 
frogs.  Recent  adult  pipids  lack  postsacrals, 
though  three  urostylar  vertebrae  are  seen 
in  premetamorphic  Xcnopus  ( Hodler, 
1949;  Smit,  1953).  Thus  pipids  have  elim- 
inated postsacrals  from  the  adult  stage  dur- 
ing their  ex'olution,  as  did  most  frogs.  This 
trend  is  linked  to  the  basic  adaptations  of 
Anura  and  to  the  replacement  of  the  undu- 
latory  by  the  propulsive  type  of  locomo- 
tion, as  registered  in  the  short  trunk  and 
urostyle  evolution.  Triadohatrachus  had  an 
articulated  tail  involving  at  least  six  ver- 
tebrae (Hecht,  1962).  Articulated  tails 
have  been  reported  in  tadpoles  of  Recent 
Meg^ophnjs  major  (Griffiths,  1956)  and  of 
Ramon  pipids  ( Nevo,  1956).  These  two 
finds  register  developmentally  and  paleon- 
tologically  the  evolution  of  the  urostyle  by 
fusion  of  caudal  vertebrae  [with  a  single 
hypochord  in  Meii,op]\nis  major  as  demon- 
strated embryologically  by  Mookerjee 
(1931)].  Ramon  frogs  retain  evidence  of 
the  primitive  condition  in  both  larva  and 
adult.  Gradual  elimination  of  postsacrals 
through  urostylization  marks  the  transition 
from  the  undulatory  proanuran  to  the  pro- 
pulsive anuran  type  of  locomotion.  The 
monocondylar  sacro-urostylar  joint  of  Ra- 
mon frogs  distinguishes  them  from  Recent 
pipids  where  this  region  is  fused.  The 
urostylar  joint  by  itself  has  little  taxonomic 
importance,  yet  it  becomes  significant 
within  a  character-complex.  The  region  is 
functionally  important,  being  free  and  flex- 
ible in  leaping  frogs  (Whiting,  1961),  but 
hised  in  aquatic  forms  "in  which  no  shock 
absorption  is  required  ((ireen,  1931). 
Phylogenetically,  the  free  joint  i)r(cedi'd 
the  fused  region  as  the  comparison  of  Ra- 
mon and  Recent  pipids  shows.  The  same 
applies  to  hisioiis  between  ribs  with  their 
diapophyses  or  successive  presaeials.  Again. 


Ramon  pipids  usually  have  free  ribs  and 
free  presacrals,  whereas  adult  Recent  pipids 
are  ribless  and  have  occasional  presacral 
fusions.  Triadohatrachus  and  all  Mesozoic 
frogs  have  a  monovertebral  sacrum  indicat- 
ing the  primitive  condition.  Synsacra,  either 
in  Recent  or  in  Tertiary  frogs,  are  special- 
ized, and  so  are  the  expanded  sacral  diapo- 
physes  in  aquatic  and  burrowing  frogs. 

Rib  evolution  in  Anura  is  now  traceable 
by  means  of  fossils.  Five  ribs  characterize 
premetamorphic  paleobatrachids,  and  oc- 
cur in  individual  specimens  in  7.3  per  cent 
of  the  Thoracihacus  sample  (Figs.  14,  15). 
Four  ribs  occur  in  Notohatrachus\  three 
Ramon  species,  and  apparently  also  in 
Saltenia  and  Sliclania  (Gasamiquela,  per- 
sonal communication).  They  ma)'  occur 
also  in  some  individuals  of  Xeii0))us  ( Hod- 
ler, 1949).  Three  ribs  are  the  rule  in  Re- 
cent costate  anurans,  but  most  Recent  frogs 
are  ribless.  The  long  pipid  ribs  are  points 
of  insertion  for  muscles  associated  ^\'ith  the 
sub-aquatic  locomotion  which  is  to  be  dis- 
cussed later.  On  the  other  hand,  ribless- 
ness  is  at  a  premium  in  terrestrial  anurans. 

In  sum,  the  column  of  Cordiccphalus  and 
Thoracihacus  is,  in  a  broad  sense,  pipid,  \et 
closer  to  ancestral  conditions,  differing 
from  Recent  pipids  b\  a  character-complex 
involving  eight  primitive  as  against  two 
specialized    characters    (Table    10). 

Pectoral  'girdle.  The  three  Ramon  spe- 
cies share  essentialh'  the  same  arcifcral 
girdle,  allowing  for  slight  shape  and  size 
\ariations  (see  osteological  summar\-  and 
Fig.  12).  They  closeK'  agree  with  the  Re- 
cent pijMds,  particular!)'  in  th(>  xenopoid  jX'c- 
toral  girdle  ( De  \'illiers,  1924,  1929).  in 
the  following  characters:  diveriiiti^  cora- 
coids  and  clavicles  ( =  arcifer)'  sensu  Gope 
and  Boulenger);  a  small  sca])ul(i  nnisfhi  nn- 
cleff  proximalhj  (Proctor,  1921);  a  lariic. 
\'-shaj)ed  clcithnu)!.  and  episicrninn  (d)sent. 
The  ixamoii  girdles,  parliculail)',  approach 
the  xenopoid  type  in  ha\'ing  arched,  anter- 
ior!) directed  clavicles,  shaft-lik(>  eoraeoids. 
and  distinctly  large  cleithra.  The)  are  dis- 
tinguished  bom   Xoiopiis  by   luixing  inueh 
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more  arcuate  clavicles,  and  coracoids  more  whereas   the   advanced   ranoids   are   firmi- 

expanded  at  both  ends,  thus  approaching  sternal.    The  relatively  large   cleithra  and 

the   girdle   of   "eoxenopoidids"   and    paleo-  clavicles  of  Ramon  frogs  are  labyrinthodont 

batrachids,  e.g.,  the  fossil  pipoids.  characters  and  hence  apparently  primitive. 

Arcifery,  small  scapula  and  large  clei-  De  Villiers  (1924,  1929)  stressed  the  unique 
thrum  form  an  adaptive  complex  charac-  large  cleithrum  in  Xenopiis,  and  Aglossa 
terizing  aquatic  anurans.  Arcifery  is  pres-  generally,  as  opposed  to  the  anterior  small 
ent  in  both  aquatic  and  terrestrial  anurans,  osseous  seam  in  phaneroglossids.  Regard- 
but  the  association  with  a  small  scapula  is  ing  cleithrum  size  as  of  utmost  importance 
exclusive  to  aquatic  frogs.  Small  scapulae  in  linking  anurans  and  la])yrinth()d()nts,  he 
(clavicle  to  scapula  ratio  is  greater  than  considered  Xenopiis  more  primitive  than 
three)  characterize  pipids,  ascaphids,  and  ?//-»«,  partly  on  the  ground  of  its  larger 
discoglossids.  That  ratio  is  less  than  two  cleithrum.  Ramon  pipids  confirm  his  the- 
in  all  other  (terrestrial)  anurans  and  is  sis.  Lack  of  an  episternum  in  Triodohci- 
probably  to  be  correlated  with  the  incor-  f melius,  Notohof radius,  ascaphids  and 
poration  of  the  forelimbs  into  the  active  pipids,  and  its  very  small  size  in  discoglos- 
locomotory  apparatus  (Griffiths,  1963).  It  sids  indicate  absence  as  a  primitive  feature, 
is  noteworthy  that  Ilymenochiius,  the  only  The  pectoral  girdle  of  Ramon  frogs  is 
firmisternal  pipid,  has  also  the  relatively  xenopoid  and  primitive  both  as  a  whole 
largest  scapula  in  the  family  and  is  more  and  as  regards  its  six  components  (Table 
terrestrial  than  the  others  (De  Villiers,  10).  The  pipid  girdle  apparently  has  not 
1929),  whereas  some  aquatic  firmisternal  changed  significantly  since  early  Cretace- 
forms  ( ranoids  )  have  small  scapulae  ous  times  and  displays  an  ancestral  aquatic 
(Hsiao,  1934).    Further,  a  small  scapula  is  adaptive-complex. 

typically  associated  with  an  uncleft  proxi-  Pelvic  g,ircUe.  All  three  Ramon  species 
mal  margin  as  in  ascaphids  and  pipids.  share  a  medium  to  long  ischium  and  an  os- 
This  is  basically  true  for  Ramon  pipids,  sificd  pubis;  these  features  are  indications 
even  though  some  ten  per  cent  of  the  speci-  of  pipid  affinities  (Green,  1931,  and  his 
mens  have  cleft  scapulae  ( Fig.  14 ) .  Con-  references ) .  In  other  regards,  the  two 
versely,  the  long  scapula  is  invariably  Ramon  genera  differ  basically  in  their  pel- 
cleft.  T riadobat radius  and  a\\  known  Meso-  ves  (Table  7).  CordicepJialus  approxi- 
zoic  anurans  share  a  small  uncleft  scapula,  mates  the  xenopoid  pelvis  in  its  sacro- 
Thus  the  latter  is  primitive,  and  it  appears  iliac  articulation,  but  lacks  the  epipubis. 
to  be  associated  with  aquatic  adaptation.  Conversely,  Thoradliacus  matches  "eoxen- 
whereas  a  long  cleft  scapula  appears  to  be  0]3oidids"  in  its  medioiliac  joint,  ])ut 
a    terrestrial    specialization.  beyond  that  has  an  iliocostal  contact  in  83 

Phylogenetically,  arcifery  appears  to  have  per  cent  of  the  sample    ( Fig.   14 ) ,   estab- 

preceded   firmisteniy,   on   the   evidence   of  lishing  a  functional  synsacrum. 

both  the  fossil  record  and  comparative  anat-  Convergent  origin  of  some  anuran  pehic 

omy.   Triaduhatrachus  had  a  pectoral  girdle  structures,   such  as   an   epipubis   and   syn- 

like  that  of  Ascaphus,  which  is   generally  sacry,  makes  them  unreliable  taxonomic  cri- 

considered  arciferal.    All  known   Mesozoic  teria   at   the   familial   level.     The   same,    it 

frogs  are  probably  in  this  sense  arciferal.  appears  to  me,  holds  for  the  medioiliac  ar- 

Reig's    (1957)    claim    that    Notobatradius  ticulation    used    as    a    diagnostic    eoxeno- 

has    a    firmisternal    pectoral    girdle     (and  poidid  criterion   (Casamiquela,   1961a).    It 

that  hence  that  type  is  ancestral  in  Anura )  has  developed  convergently  in  several  lines, 

was  challenged  by  Eaton  ( 1959 )  who  com-  proves  highly  variable  inter-  and  intraspe- 

pared  it  with  the  ascaphid  girdle.    In  fact,  cifically,  and  therefore  is  undiagnostic.  Nor 

all  Recent  primitive  anurans  are  arciferal,  does  it  seem  to  be  primitive,  as  contended 
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Table  7.     Differences  Between  the  Pelvis   of   Cordic.ephalus   and   Thoraciliacus 


Genus 


Shape 

of 
Pelvis 


Sacroiliac 
joint 


Ilium  Length 


Head  +  Body  Length* 


Cordicephahis 


Trianuular 


Tlioiaciliacus 


Suli-parallel 
to  triangular 


Acroiliac 

No  functional  svnsacruni 


Iliocostal  or  mcdioiliac 
Functional  svnsacruni 


0.381 


0.429 


(N  =  29; 


(A'  =  107) 


Student's  t  =  6.808,  for  L34  degrees  of  freedom,  P  <  .001. 


by  Reig  (1957)  and  Casamiquela  (1961a), 
but,  rather,  a  specialized  aquatic  adapta- 
tion. Varied  degrees  of  anterior  iliac  ex- 
tension, or  medioiliac  articulation,  show  in 
some  pipoids,  such  as  eoxenopoidids,  paleo- 
batrachids,  and  Thoraciliacus,  but  not  in 
others,  e.g.,  Cordicephahis  and  Recent 
adult  pipids.  There  is  little  indication  of 
it  in  Noiohatrachus  and  Ascaphus.  The 
character  has  been  reported  for  preiueta- 
morphosed  and  just  metamorphosed  Rana 
tcmporaria  ( Green,  1931 )  and  similar 
stages  in  Xcnopus  laevis  (Guardabassi, 
1955;  personal  unpublished  observations ) 
but  is  not  known  for  their  adults.  The 
character  is  extremely  variable  in  Thora- 
ciliacus, displaying  varied  degrees  of  an- 
terior extension  ( Fig.  14 ) ,  and  a  high  V  of 
26.9.3  as  against  the  average  V  of  18.05 
(Fig.  16).  The  so-called  "morphological 
stages"  of  Eoxcno])oi(les  (Ilaughton,  1931) 
seem  to  reflect  indi\  idual  variations  similar 
to  those  in  Tlioraciliacus  rather  than  pro- 
gressive morphological  series. 

The  medioiliac  joint  and  expanded  sacral 
dia[)()iihyses  are  explicable  as  an  aquatic- 
burrowing  adaptive  complex.  In  Xeuopus 
the  sacroiUac  joint  is  movable,  the  ilia 
slide  freely  backwards  and  forwards  over 
the  expanded  sacral  diapophyses,  and  the 
whole  propulsive  effort  in  swimming  and 
burrowing  occurs  in  one  plaii(>  (Palmer, 
1960).  Whiting  (1961)  extended  the  ])rin- 
ciple  of  the  movable  sacroiliac  joint  lo  all 
hogs,  showing  that  the  region  undergoes 
lateral  and  vertical  bendings  in  clinibing. 
walking,  and  jumping  anurans,   but    longi- 


tudinal slidings  in  aquatic  and  burrowing 
forms.  He  suggested  that  in  the  pipids 
alternating  lengthening  and  shortening  of 
the  trunk  would  increase  the  cvcle,  hence 
the  stroke,  of  the  hindlimb  thrust.  He  fur- 
ther suggested  that  such  an  adaptation,  in- 
volving expanded  sacral  diapophyses  and 
sliding  ilia,  would  be  advantageous  for 
burrowing  anurans  either  in  mud  bottoms 
or  on   land. 

Pipids  are  non-jumping,  powerfully 
swimming  anurans,  burrowing  occasional!)- 
underwater  (Dunn,  194S;  Johnson,  1952), 
presumably  utilizing  the  Whiting-Palmer 
mechanism.  I  suggest  that  Ramon  and 
other  fossil  pipoids  employed  the  same  type 
of  movement.  Tlioraciliacus  achieved  one 
extreme  by  its  labile  functional  synsacrum, 
which  drastically  shortened  the  column  to 
just  four  free  segments,  eliminating  the  lat- 
eral movements  and  increasing  propulsion. 
In  having  four  functional,  free,  column  seg- 
ments, Thoraciliacus  is  different  from  any 
living  or  fossil  vertebrate.  It  displays  a 
higliK'  specialized  acpiatic  adaptation,  a 
condition  that  would  handicap  terrestrial 
locomotion  because  of  inabilit\-  to  bend  at 
the  sacroiliac  joint.  This  suggests  that  77(0- 
racilia-cus  inhabited  the  more  open  water, 
whereas  Cordiccplialus  may  ha\e  been  a 
marginal  dweller.  Also,  this  unique  .spe- 
cialization may  haxc  contributed  to  the  ex- 
tinction of  the  thoraciliacoid  line  in  the 
changing  environments   of   the   T(>rtiar\ . 

Hainon  frogs  thus  appear  to  have  a  par- 
ticnlarh  specialized  pehis,  especially  so  in 
Thonicilidcus    (Table    10).     The    long    ilia 
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of  the  anuran  pelvis  arc  a  higlily  specialized  units  including  the  prepollex  carpal.  Re- 
phenomenon  presumably  present  since  the  cent  primitive  anurans  have  eight  free  os- 
anuran  grade  was  attained  in  the  Triassic.  sified  carpals  including  the  prepollex  carpal. 
The  ossified  pipid  pubis  is  presumably  spe-  In  adult  discoglossids  and  pelobatids  a 
cialized,  since  this  element  is  cartilaginous  vestige  of  the  fifth  proximal  carpal  appears, 
in  amphibamids,  branchiosaurids,  and  Tri-  becoming  ossified  only  in  Xenophrijs,  the 
adohatrachus.  The  alleged  primitiveness  of  only  hitherto  known  anuran  with  nine  car- 
the  medioiliac  joint  is  questionable  on  sev-  pals.  The  fifth  distal  carpal  of  Xenophnjs 
eral  grounds:  Trkidohatrachus  may  have  and  of  Ramon  frogs  corresponds  to  the 
had  anteriorly  projecting  ilia,  though  this  is  fifth  metacarpal,  completing  a  distal  carpal 
by  no  means  clear.  Anteriorly  projecting  row  of  five  including  the  prepollex. 
ilia,  however,  are  nonexistent  or  but  little  Hindlimh.  The  Ramon  frogs  share  with 
developed  in  Jurassic  frogs;  only  later  did  discoglossids  and  ascaphids  the  primitive 
this  condition  coexist  with  the  normal  sac-  pes  condition  of  five  distal  tarsals.  In  this 
roiliac  joint,  as  evidenced  by  ThoraciJiacus  regard  Ramon  frogs  depart  from  Recent 
and  CordicepJiahis  in  the  Cretaceous,  and  pipids  whose  second  or  third  distal  tarsals 
by  paleobatrachids  and  xenopoids  in  the  are  fused.  Cordicephahis  has  an  extra  pre- 
Tertiary.  The  feature  is  nonexistent  or  hallux  metatarsal  whicli  is  absent  in  Tho- 
almost  so  in  Recent  adult  pipids,  discoglos-  raciliacus,  but  this  is  occasionally  present 
sids,  and  ascaphids.  Its  premetamorphic  along  with  additional  phalanges  in  unre- 
appearance  in  Recent  unrelated  frogs,  as  lated  anurans,  rendering  it  of  little  phylo- 
well  as  its  prevalence  among  aquatic  pip-  genetic  significance.  The  very  long  meta- 
oids,  suggest  that  it  is  paedomoi-phic  in  tarsals  and  toes  of  Ramon  frogs  are  as  in 
origin  and  a  convergent  aquatic  specializa-  other  pipoids. 
tion.  The  limb  similarities  of  Ramon  frogs  and 

Limbs.     The    three    species    share    most  Xcnopus  suggest   an   identity   of  function, 

limb  characters  and  vary  but  little.    They  The  elongated  fingers  presumably  compen- 

agree  broadly  \\'ith  the  Recent  pipid,  par-  sate  for  tonguelessness  in  feeding,  \\'hereas 

ticularly  in   the  xenopoid   manus   and  pes  the  long  apparently  webbed  toes  provide 

(osteological    summary).     All    limb    refer-  powerful    swimming    oars.     However,    the 

ences,   hereafter,   for  pipids,   discoglossids,  pipid  fore  to  hindlimb  length  ratio  was  sig- 

and  pelobatids  are  to  Howes  and  Ridewood  nificantly  higher  in  Ramon  than  in  Recent 

(1S88);  for  ascaphids  to  Stephenson  (1952)  pipids.   The  ratio  is  0.40  in  Hymcnochinis, 

and  Ritland  (1955).  0.41  in  Xenopus,  and  0.47  in  Pipa,  whereas 

ForeJimh.  Ramon  frogs  have  the  pipid  it  is  0.56  in  ThoraciUacus,  and  0.59  in  Cordi- 
manus  pattern  of  four  proximal  carpals,  cephalus.  The  higher  Ramon  ratio  is  evi- 
inner  centrale  with  a  posterior  spur,  distal  dently  the  primitive  pipid  condition  which 
carpals  aligned,  and  strikingly  long  meta-  has  decreased  progressively  to  the  low  ra- 
carpals.  In  the  latter  feature  they  are  tio  of  Recent  pipids,  which  is  presumabh' 
sharply  distinct  from  the  discoglossids  and  more  adapted  to  aquatic  life.  Even  the 
ascaphids,  which  have  short  metacarpals,  intergeneric  difference  in  ratio  of  Ramon 
In  caq^al  formula  they  approximate  the  frogs  is  marginally  significant  (Student's 
eight  of  Xenopus  rather  than  the  six  of  f  =  2.124;  /;  =  0.02-0.05 ) ,  suggesting  that 
Pi))a  or  five  of  Hijmenochirus,  and  in  the  ThoraciJiacus  was  more  aquatic  than  Car- 
diminishing  order  of  finger  length  they  are  dicephahis;  this  is  in  accord  with  the  de- 
again  like  the  former:  4-5-3-2.  In  totality,  duction  from  pelvic  structure  given  above, 
the  manus  is  xenopoid-like  with,  however.  The  presence  in  Ramon  frogs  of  seven 
an  extra  carpal.  Ramon  frogs  retain  the  specialized  and  four  primitive  limb  char- 
least  modified  anuran  carpal  formula,  nine  acters  is  shown  in  Table  10.    Phylogeneti- 
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TAiiLE  S.     Fossil  Record  of  Mesozoic  and  Paleocexe  Frogs 


Period 


Faniilv 


Species 


Horizon  and 
Localitv 


Reference 


JURASSIC: 

Notobatrachidae 


Discoglossidae? 
'Fipidai'? 
hiccrtac  .sedis 
Incertae  .wdis 
? 


CRETACEOUS: 
Pipidae 

Pipidae 
Pipidae 

Leptodactylidae 

"Eoxenopoididae" 

"Eoxenopoididae" 

"Eoxenopoididae" 

Ascaphidae? 

Discoglossidae 
Pelobatidae? 
Incertae  sedis, 

near  Ilylidae? 
Incertae  sedis, 

near  I  .cptodactylidae? 
Other  anuran  remains, 

no  family  assignment 


VieraeUa  lierhstii 
Notobatrachus  degiustoi 

Eodi.icoglos.sus  santonjae 

Eohatraehus  agilis 

Comobatraehiis 

aetiigniaticus 
Mont.seehohatrac})us 

gaudnji 
Stremniia  scaher 


L.J.,  Patagonia 
M.J.,  Patagonia, 

Argentina 
U.J.,  Spain 

U.T.,  Wyoming, 

U.S.A. 
U.J.,  Wyoming, 

U.S.A. 
U.J.,   Spain 

U.J.,  Africa 


Thoracilidcus  rostricejis       L.C.,   Israel 

Cordicephalus  gracilis 

Cordicephalus 
longicostatus 

Several  still  undeter- 
mined forms 

Eoxeiu>i)i)ides  retiningi 

Saltenia  d)auezi 

Shelanid  pasijtudi 

Unidentified  genus 

and   species 
Cf.   Barhourula  sp. 


Reig    (1961) 

Reig   (1957) 

Casamiciuela   (1961   b) 

Melendez   (1957) 

Hecht   (1963) 

Hecht  and  Estes   (1960) 

Hecht   (1963) 

Hecht  and  Estes   (1960) 

Hecht   (1963) 

Hecht   (1963,  and 
references ) . 

Hecht   (1963,  and  ref- 
erences.   He  denies 
Streiniiiid's  anuran 
relationships ). 

Nevo   (1964   b,  and 
present  study ) 


L.C.,   Israel 

II               ti               II 

L.C.,   Israel 

II               It               II 

L.C.,  Texas, 

Hecht    (1963,  and 

U.S.A. 

references ) . 

U.C.-L.E., 

Haughton    (  1931  ) 

South   Africa 

Casamiquela    (  1961    a 

"-ll.C?  Argentina 

Reig    (1959) 

Casamiquela    (  1961   a 

U.P.-L.E.,  Pata- 

Casamiquela   (  1961   a 

gonia,   Argentina 

1965). 

U.C,  Wyoming, 

Estes   (1964) 

U.S.A. 

II                II 

II             II 

n                    II 

II             II 

II                    II 

II             II 

'The  identification  of  Eohatraehus  rtgi/i.s-  as  a  pipid  is  tentative.     Hecht    (1963)    remarks:      "If    Eohatraehus    must    be 
assifined  to  any   family,  it   is  most   likel>    closer  to  the   Pipidae."     Eohatrtieliiis  has  been   defined   from   a   humerus. 

-  Reiji    (1959)    described   Saltenia    as   a   Lower  (Cretaceous    form.     Later  evidence  suj^ests  probable  Upper  Oetacoiis  aye 
(  Casamiquela,   i>ersonal   communication  ). 

L.J     =   Lower  Jurassic;   M.J.   =   Middle  Jurassic;   I'. J.    =  Upper    Jurassic;   L.C.    ~     Lower  Cretaceous;   U.C.   =;   Upper  (Creta- 
ceous;   U.P.-L.E.    ~    Upjjcr   I'alnn  cnc-Low cr   IvKcne. 


(•ally,  the  fewer  tlic  fu.sion.s  the  more  primi-  fin<j;er    foniiiila,    and    tlie    incNaleiit    labx- 

tive  the  anuran  earpii.s  and  tarsus;  thus  the  rinthodont   2,    2,   3,   4,   3   toe    lonnula    are 

nin(>     earpals     and     li\-e    distal     tarsals     ol  jiresent  in  most   amirans,  ]")j-ohabI\'  relleet- 

liamon  i^ijiids  are  distinctly  primiti\'e.  (,'on-  iiitj;  a    |)rimiti\t'   pattern, 
versely,  the  long  manus  and  pes,  and  lused  In   summary,   tlie  limbs  ol    Kamon    irogs 

radioulna   and   tibiofihula   are   specialized,  match   the  .xenopoid   model    but    are  more 

Notcworthily,  the  branchiosaurs'  2,  2,  3.  3  primitive    in    lia\ing    an    extra    element    in 
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both  carpus  and  tarsus,  and  in  their  liigh 
fore-  to  hindhmb  ratio. 

Conclusions.  The  three  Ramon  species 
are  assigned  to  the  pipoids.  They  are 
highly  variable  in  size,  shape,  and  ineristic 
characters.  The  first  two  sets  of  characters 
involve  unresolved  age  and  sex  variations, 
the  third  set  reflects  individual  variation. 
The  types  of  meristic  variations  displayed 
by  Ramon  frogs  are  similar  to  those  shown 
by  other  fossil  and  Recent  anurans,  though 
frequencies  vary.  Thoraciliacus  is  more 
variable  than  CordiccpJuiJus,  both  in  con- 
tinuous and  meristic  variations.  The  highest 
variation  in  both  genera  is  in  the  pelvis, 
the  lowest  in  the  limbs. 

Ramon  pipids  involve  a  multiple-charac- 
ter basic  adaptation  to  aquatic  life.  Tho- 
raciliacus may  have  been  more  of  a  deep 
water,  Cordicephahis  more  of  a  shallow 
water  form.  Thus,  though  certainly  sym- 
patic, they  may  have  parth'  excluded  each 
other  competitively.  Both  suggest  long 
progressive  aquatic  evolution  of  pipids. 
Presumably  this  started  with  emergence  of 
the  group  in  Triassic  times  and  has  con- 
tinued ever  since,  at  first  rapidly  and  later 
at  a  slower  rate.  Aquatic  adaptation  was 
the  principal  factor  involved  in  pipid  ori- 
gin and  evolution. 

Ramon  pipids  show  a  melange  of  21 
primitive  versus  16  specialized  characters. 
They  attest  to  the  common  rule  that  in  a 
given  sequence  no  one  taxon  will  be  more 
primitive  than  others  in  all  respects.  Yet 
the  skull,  pelvis,  and  limbs  are  essentially 
specialized,  whereas  the  vertebral  column 
and  pectoral  girdle  are  mainly  primitive. 
The  two  Ramon  genera  are  the  most  prim- 
itive pipids  yet  known.  Cordicephahis  is 
more   primitive  than   Thoraciliacus. 

The  Systematic  Position  of  Cordicephalus 
and  Thoraciliacus  and  Remarks  on 
Pipoid  Classification 

Detailed  analysis  unequivocally  shows 
the  pipoid  affinities  of  Ramon  frogs  but 
does  not  immediately  settle  their  familial 
allocation.    In  fact,  pipoid  classification  is 


far  from  settled,  as  is  clear  from  recent 
suggested  revisions  of  the  Pipidae  (Dunn, 
1948;  Lamotte,  1963),  and  pipoids  (Reig, 
1958;  Casamiquela,  1961a)  and  the  prob- 
lematic relationships  of  paleobatrachids 
(Hecht,  1963)  and  rhinophrynids  (Orton, 
1953,  1957).  Three  problems  are  involved: 
(a)  ranking  of  the  lower  categories  within 
Pipidae;  (b)  vertical  versus  horizontal 
classification  (or  how  to  classify  fossil  pip- 
oids); and  (c)  significance  of  larvae  in 
anuran  classification  (or  rhinophrynid  re- 
lationships ) .  The  solutions  to  these  taxo- 
nomic  problems  depend  on  evaluation  of 
pipoid  classification,  the  fossil  record,  and 
tadpoles. 

Classification  of  Recent  pipids.  In  1830 
Wagler  introduced  the  primary  divisions 
Aglossa  and  Phaneroglossa.  The  former 
has  been  considered  taxonomically  valid 
ever  since,  despite  much  shifting  of  its 
categorical  rank  (see  Griffiths,  1963,  for 
historical  review).  Recent  studies  make 
obsolete  the  African  Xenopinae  and  South 
American  Pipinae,  recognized  by  Noble 
(1931),  since  the  differences  "cannot  be 
considered  of  more  than  generic  value" 
(Dunn,  1948).  African  Hymenochirus  is 
closer  to  American  Pipa  than  to  African 
Xenopus,  as  evidenced  by  comparing  the 
skulls  (Paterson,  1945),  pectoral  girdles 
(De  Villiers,  1929),  and  vertebral  columns 
(Boulenger,  1899).  Furthermore,  Dunn  re- 
garded the  three  South  American  genera 
Pipa,  Protopipa,  and  Hcmipipa  as  merely 
three  species  of  Pipa.  Lamotte  (1963)  re- 
gards Pseudohymenochirus  as  a  subgenus 
of  Hymenochirus.  Accordingly,  the  purely 
aquatic  Recent  Pipidae  comprise  three 
genera:  the  South  American  Pipa,  with 
five  species;  African  Xenopus,  five  species; 
and  Hymenochirus,  five  species. 

The  Recent  Pipidae,  the  sole  family  of 
Aglossa,  are  characterized  by:  tongueless- 
ness,  a  single  median  opening  to  the 
eustachian  tubes,  azygous  frontoparietals, 
absence  of  a  maxillary  arcade  ( =  no  quadra- 
tojugals ) ,  greatly  expanded  sacral  diapoph- 
vses,  sacrum  fused  to  urostyle,  three  free 
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larval  ribs,  basic  arcifery,  small  uncleft 
scapula,  large  V-shaped  cleithrum,  and 
elongated  metatarsals  and  metacarpals. 

Class'ificotion  of  fossil  pipoids.  Classifi- 
cation of  fossils  always  poses  the  alterna- 
tive of  horizontal  versus  vertical  classifica- 
tion. The  first  emphasizes  the  uniqueness 
in  space  and  time  of  contemporaneous  re 
lated  taxa;  the  second  stresses  ancestor 
descendant  relationships  of  successive  taxa. 
Should  Cretaceous  pipoids,  the  Ramon 
ones  included,  be  allocated  to  a  separate 
family,  or  assigned  to  Recent  Pipidae? 

Casamiquela  (1961a),  following  a  sug- 
gestion of  Reig  ( 195S ) ,  preferred  the  first 
alternative  and  established  the  Eoxeno- 
pokUdae,  to  accommodate  Eoxenopoides, 
Shelania,  and  Saltenia  (Table  8)  from  the 
Cretaceous  and  Paleocene  of  Africa  and 
Argentina.  He  brigaded  Eoxenopoididac 
with  Pipidae  and  Paleobatracliidae  in  the 
suborder  Aglossa  sensu  Reig  (1958)  and 
defined  the  new  family  as  having:  (1)  an 
ovoid  skull;  (2)  a  quadratojugal  arch  ab- 
sent; (3)  rhomboid  frontoparietals,  joined 
in  a  sagittal  depression  and  having  a  longi- 
tudinal suture;  (4)  large  otic  capsules;  (5) 
narrow  styliform  coracoids;  (6)  opistho- 
coelous  vertebrae;  (7)  sacrum  fused  with 
urostyle;  (8)  greatly  expanded  sacral  dia- 
pophyses,  articulating  with  the  middle  por- 
tion of  the  ilia;  and  (9)  hindlimb  larger 
than  forelimb. 

Of  those  nine  diagnostic  characters,  six 
are  shared  with  Pipidae  and  just  three  (3, 
4,  8)  are  novel.  Yet  all  three,  evaluated 
above,  are  seen  to  fall  within  individual, 
age,  and  intergeneric  variations  of  Recent 
Pipidae  and  of  Thoraciliacus  and  hence  are 
not  suitable  to  diagnose  a  new  family.  Even 
taken  together  they  fail  to  sho\\'  the  clearly 
defined  gap  which  would  justify  a  new 
pipoid  family.  A  split  such  as  this  ig- 
nores the  great  skeletal  variation  displayed 
by  Recent  pipids,  which  shows  arcifery 
and  firmistemy,  mono-  and  synsacry,  five 
to  eight  presacrals,  and  great  size  and 
shape  variations.  Likewise,  the  medioiliac 
joint    should    be    considered    variable    in 
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Table  10.     Primitive  Versus  Specialized  Char- 
acters IN  Ramon  Pipius 


Prim- 

Special- 

Character 

itive 

ized 

SKULL: 

Rostrum 

+ 

Azygous  frontoparietals 

+ 

Large  otic  capsules 

+ 

Absence  of  palatines,   quadrato- 

jugals,  and  mentoniandibulars 

+ 

Reduced  srjuaniosals  and 

maxillae 

+  + 

Dentigerous  maxillae 

and  premaxillae 

+ 

Plectrum   of  columella 

+ 

Ossified  quadrate 

+ 

VERTEBRAL  COLUMN: 

Eight  presacral  vertebrae 

+ 

Postsacral  \'ertebrae 

+ 

Ectochordal  centrum 

+ 

Opistbocoely 

+ 

No  presacral  fusions 

+ 

Free  monocond>lar  sacro- 

urostylar  articulation 

+ 

Four  free  ribs 

+ 

Monovertebral  sacrum 

+ 

Expanded  sacral  diapophyses 

+ 

Diapophyses  of  presacrals  6-8 

+ 

PECTORAL  GIRDLE: 

Arcifery 

+ 

Large  clavicles 

+ 

Uncleft  scapula 

+ 

Small  scapula 

+ 

Large  cleithrum 

+ 

No   sternum,   epistcrnum,   or 
coracoidal   cartilages 

PELVIC  GIRDLE: 


+ 


TUoraciUdcus 

+ 

Ossified   pubis 

+ 

FORE  LIMB: 

Developed  capitate  eminence 

+ 

Developed  olecranon 

+ 

Very  long  metacarpals 

+ 

Nine   carpals 

+ 

Phalangeal   formula  2,  2,  3,  3, 

+ 

Pointed   terminal   phalanges 

+ 

HIND  LIMB: 

Five  distal  tarsals 

+ 

Very  long  metatarsals 

+ 

Phalangeal  formula  2,  2,  3,  4,  3 

+ 

Pointed  terminal  phalanges 

+ 

pipoids  or,  alternatixcly,  Cordiccplialus  and 
Tlioraciliacus  should  be  assigned  to  sepa- 
rate families,  despite  all  the  weighty  evi- 
dence that  admits  only  a  generic  level  of 
separation. 

The  characters  distinguishing  Ramon 
from  Recent  pipids,  e.g.  four  ribs,  regular 
presence  of  postsacrals,  and  a  free  sacro- 
urostylar  joint,  are  certainly  primitive.  Yet 
they  appear  to  be  inappropriate  as  taxo- 
nomic  criteria  at  the  family  level,  as  do 
eoxenopoidid  characters.  I  suggest  that 
eoxenopoidids  and  Ramon  pipoids,  on  the 
contrary,  be  allocated  to  the  Pipidae,  which 
then  must  be  slightly  redefined  to  allow  for 
free  ribs,  a  sacro-urostyle  joint,  and  post- 
sacrals in  adults.  This  solution  would  be 
in  accord  with  recent  lumping  trends  in 
Recent  pipid  classification  (  Dunn,  1948 ) . 
Further,  it  will  fit  the  general  taxonomic 
postulate  that  genera  tend  to  be  horizontal, 
families  vertical  categories  (Simpson,  1961). 
The  Pipidae  are  a  natural  group  embrac- 
ing varied  forms,  but  the  differences  be- 
tween known  Cretaceous  and  Recent  pip- 
oids cannot,  I  think,  be  considered  of  more 
than  generic  rank. 

Other  pipoids  and  their  supposed  rela- 
tives should  now  be  brieflv  mentioned. 
The  classification  and  relationships  of  the 
Tertiary  European  paleobatrachids  has 
long  been  debated.  They  have  been  con- 
sidered Aglossa  (Spinar,  1963,  and  refer- 
ences), or  as  convergent  to  the  Aglossa 
(Noble,  1931),  or  unnatural,  comprising 
several  families  (Ilecht,  1963).  Recent 
studies  of  rich  new  material  ha\e  led  .^pinar 
(1963)  to  coniirm  the  taxonomic  validit\ 
and  pipoid  affinities  of  paleobatrachids. 
He  has  re\ised  the  lamih,  r(>cogni/ing  two 
genera  and  five  species,  and  has  redefined 
it  as  ha\ing  se\(Mi  procoelous  presacrals, 
synsacry,  five  Irec  lar\al  ribs,  iusion  of  pre- 
sacrals 1-2,  and  a  bicond\lar  sacro-urost\lar 
joint.  Pijiid  affinities  are  suggested  1)\  an 
incomplete  ma.\illar\  arcade,  a/ygous  Iroii- 
toparietals,  ossified  pubis,  areifer\',  elon- 
gated inanus  and  pes,  and  li\t'  lice  lar\al 
rilis. 
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Kuhn  (1941)  described  the  genus  Opis- 
thocoek'IIus  from  the  middle  Eocene  of 
Geiseltale,  Germany,  associating  it  with 
Eoxenopoides,  and  later  placed  it  in  a  sep- 
arate family.  Hecht  (1963),  re-examining 
the  material,  could  recognize  no  form  as- 
cribable  to  pipids. 

The  sigJiificance  of  the  pipid  larva,  or 
rhinophnjnid  relationships.^  Rhinophrynids 
have  proved  problematical;  they  were  first 
affiliated  with  bufonids  (Noble,  1931), 
later  on  with  pipids  ( Orton,  1953,  1957 )  on 
the  morphology  of  the  tadpole.  Griffiths 
( 1963 )  has  questioned  the  validity  of  bas- 
ing major  phylogenetic  conclusions  in 
Anura  on  larval  characters  alone.  I  have 
suggested  elsewhere  ( Nevo,  MS )  that  Re- 
cent ]:)ipid  tadpoles  are  secondarily  simpli- 
fied, rather  than  primitive,  basing  my  in- 
ferences on  the  sole  known  Cretaceous 
pipid  tadpole  ( Nevo,  1956 ) .  The  same  sug- 
gestion, based  on  other  grounds,  was  made 
by  Tihen  (1965);  he,  however,  accepts  pipid- 
rhinophrynid  relationships  on  grounds  of 
both  larval  and  adult  evidence.  Adult  rhi- 
nophrynids unquestionably  display  a  mix- 
ture of  primitive  and  specialized  charac- 
ters (Walker,  1938).  Their  primitiveness 
is  explicit  in  ectochordy,  large  cleithrum 
(Meszoely,  1966),  amphicoely-  and  eight 
carpals  ( personal  observations ) .  They  are 
specialized  in  having  a  bicondylar  sacro- 
urostyle  joint,  in  being  ribless  in  all  stages, 
in  their  long  cleft  scapula,  type  of  hyo- 
larynx,  neural  arches,  and  limbs.  Neither 
the  primitive  nor  the  specialized  characters, 
it  appears  to  me,  imply  pipid  affinities. 
The  former  suggest  ancestral  proanuran, 
the  latter  terrestrial  burrowing  characters. 
Some  skull  characters  do  show  similarity 
to  pipids  (Tihen,  1965;  Meszoely,  1966), 
but  others  such  as  the  complete  maxillary 


^  I  am  grateful  to  Mr.  Charles  Meszoely,  who 
permitted  me  to  examine  the  rhinophrynid  skele- 
tons he  is  studying. 

-Walker  (1938:  2)  deseribes  the  vertebrae  as 
opisthocoelous,  but  in  his  discussion  ( pp.  8-9 ) 
he  compares  them  with  ascaphid  vertebrae,  e.g. 
ectochordal  and  amphicoelus.  Tihen  (1965)  re- 
gards them  as  opisthocoelous. 


arcade,  absence  of  a  columella,  small 
pterygoids,  and  well-developed  squamo- 
sals, are  non-pipid.  Also,  postcranially, 
they  differ  from  pipids  in  the  primitive  and 
specialized  characters  mentioned.  All  in 
all,  I  think  that  rhinophrynids  are  mosaics 
of  primitive,  basically  proanuran  charac- 
ters, and  characters  specialized  for  burrow- 
ing, rather  than  pipid  relatives.  Both  prob- 
ably evolved  directly  from  a  proanuran 
stock  into  different  adaptive  zones,  rhino- 
phrynids into  the  burrowing  zone,  pipids 
into  the  aquatic  zone. 

In  summary,  taxonomically,  pipoids  com- 
prise the  Pipidae  and  Paleobatrachidae. 
The  former,  with  a  slight  expansion  of  its 
definition,  may  appropriately  accommodate 
both  Recent  and  all  known  Cretaceous 
pipoids. 

Pipoid   Evolution 

General.  The  evolutionary  status  and 
origin  of  pipids  have  proved  problematical 
ever  since  their  recognition,  in  contrast  to 
their  taxonomic  stability.  They  were  con- 
sidered as  either  primitive  ( Noble,  1922 ) 
or  specialized  (Ryke,  1953,  and  references), 
and  variously  derived  ( see  later ) .  Several 
factors  have  obscured  the  phylogenetic 
status  and  derivation  of  pipids:  (a)  de- 
scription in  extreme  antithetical  terms  as 
either  primitive  or  specialized;  (b)  their 
strong  and  basic  aquatic  adaptation;  (c) 
absence  until  recently  of  knowledge  of 
any  fossil  record. 

As  is  true  of  other  taxa,  any  attempt  to 
regard  pipids  as  altogether  primitive  or 
specialized  is  doomed  to  failure.  Pipids 
showed  a  melange  of  primitive  and  special- 
ized characters  even  by  early  Cretaceous 
times  (Table  10),  although  the  specializa- 
tion has,  of  course,  increased  in  Recent 
pipids.  Some  of  their  primitive  skeletal 
characters  have  long  been  understood  as 
such  ( opisthocoely,  larval  ribs,  large  clei- 
thra,  small  uncleft  scapula,  etc.).  Con- 
versely, long  recognized  specializations  are 
the  long  manus  and  pes,  loss  and  reduction 
of  skull  bones,  vertebral  fusions,  etc. 
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In  the  literature  of  the  group,  neoteny 
is  probably  the  most  strongly  emphasized 
pipid  characteristic.  It  has  been  considered 
the  basic  evolutionary  factor  in  their  his- 
tory (De  Villiers,  1934).  Thus  all  pipid 
specializations  have  been  attributed  to  ne- 
oteny (Millard,  1949;  Rvke,  1953),  which 
has  been  described  as  the  "only  common 
factor  of  this  polyphyletic  group"  ( De  Vil- 
liers, 1963,  personal  communication).  The 
neotenic  hypothesis  implies  that  pipids  are 
secondarily  aquatic  and  have  regained  their 
lateral  line  organs  through  neoteny.  This 
hypothesis  is  thus  not  valid  if  pipids  origi- 
nated in  water  and  have  retained  their 
primary  lateral  line  organs  ( Grobbelaar, 
1925).  Moreover,  the  aquatic  hypothesis 
stresses  the  basic  adapiation  involved  in 
the  origin  and  development  of  pipids  rather 
than  the  specific  operating  genetic  mccJui- 
iiisni.  The  question,  at  all  events,  is  one 
for  which  knowledge  of  the  early  environ- 
ment of  anurans  as  a  whole  is  crucial. 

Early  cnviroiuncnt  and  the  evolutionary 
basis  of  pipids.  The  period  of  transition 
from  proanurans  to  anurans  is  as  yet  un- 
documented by  fossils.  Hypotheses  have 
been  advanced  for  an  ( a )  aquatic  (  Boker, 
1935;  Griffiths,  1963),  (b)  terrestrial  ( Inger, 
1962),  and  (c)  riparian  (Cans  and  Par- 
sons, 1966,  and  references )  origin  of  frogs. 
The  fossil  evidence  available  suggests  a 
jorobable  aquatic  origin.  Neither  Triado- 
bcitrac}\us,  the  probable  ancestor  (Grif- 
fiths, 1963),  nor  its  Jurassic  frog  descend- 
ants are  conceivable  as  terrestrials.  The 
early  true  frogs,  involving  mainly  ascaphids, 
discoglossids  and  pipids,  with  ecto-  and 
stegochordy,  amphi-  and  opisthocoely,  ar- 
cifery  and  small  scapula,  present  a  charac- 
ter-complex incompatible  with  terrestrial 
life.  The  earliest  terrestrial  frogs  known 
from  the  Cretaceous  present  holochordy, 
basic  procoely,  and  long  scapulae. 

The  concept  of  pre-frogs  as  acjuatic  is 
neither  contradictory  of  nor  incompatible 
with  the  idea  of  the  jumping  mechanism 
in  frogs  evolving  while  they  were  also  us- 
ing undulatory  locomotion  (Ciriffiths,  1963). 


Since,  functionally,  swimming  and  jumping 
are  not  incompatible  ( Gans  and  Parsons, 
1966),  it  is  conceivable  that  the  propulsive 
thrust  mechanism  could  have  evolved  in 
basically  aquatic  animals.  It  might  have 
had  the  same  selective  advantages  in  water 
and  riparian  habitats,  either  as  a  means  of 
catching  food  more  efficiently,  or  of  escap- 
ing from  predators  into  mud  bottoms  and 
vegetation,  or  from  bank  into  water. 

The  evidence  of  early  Cretaceous  pipids 
attests  that  Recent  pipids  have  carried  for- 
ward an  aquatic  adaptation  of  ancient  ori- 
gin, and  perfection  of  this  adaptation  most 
probably  operated  as  the  main  evolution- 
ary selective  factor  since  the  origin  of  the 
taxon.  This  process  has  had  multiple  ef- 
fects on  the  skeleton,  making  pipids  very 
much  water-adapted  stereotypes  through- 
out their  evolution.  If  this  thesis  is  true, 
then  neither  neoteny  nor  the  potentiality 
of  lateral  line  reappearance  upon  reinva- 
sion  of  water  ( Escher,  1925 )  is  necessary 
to  account  for  pipid  evolution. 

The  thesis  advocating  aquatic  evolution 
of  pipids  stresses  a  process  of  progressive 
adaptation  for  the  development  of  the  taxon 
rather  than  the  genetic  mec]ianism(s)  in- 
volved. Neoteny  is  neither  genetically  dif- 
ferent nor  more  important  than  other  on- 
togenetic processes  involving  genetic  change 
(Simpson,  1953,  and  Rensch,  1960,  have 
thoroughly  evaluated  the  role  which  neo- 
teny has  played  in  evolution ) .  Some  prob- 
able paedomoiphic  characters  exhibited  by 
pipid  skulls  or  pelves  by  no  means  violate 
the  basis  of  this  thesis.  They  presumabK- 
resulted  from  mutations  affecting  earK 
stages  of  development.  Other  characters, 
including  probably  the  majority  of  acjuatic 
adaptations  such  as  elongated  manus  and 
pes  and  expanded  sacral  diapophyses,  are 
due  to  mutations  affecting  late  ontogenetic 
changes. 

The  e\()luti()nar\  interpretation  of  pipids 
is  meaningful  only  in  terms  of  progressiw 
(Ujuatic  adaptation  since  their  origin,  prob- 
al)l\  ill  the  Triassic.  This  thesis  is  borne 
out,  at  least  inferentialK',  b\   Hanioii  pipids. 
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Phijlo'^cmj.   Pipids  were  phylogenetically  undocumented,  presumably  originated  like 

derived    from:     (a)    discoglossids    (Noble,  Xeno/;?/*  in  the  early  Tertiary,  while  Recent 

1925);    (b)    proanuran  stock    (De  Villiers,  species  are  probably  late  Tertiary-Pleisto- 

1929);    (c)    "widespread   group   of  Anura"  cene  derivatives. 

in  late  Triassic-early  Jurassic  times  ( Hecht,  The   overall  similarities   between   Cordi- 

1963);  (d)  a  pipoid  stem  stock  from  which  ccphalus  and  Recent  Xenopus  suggest  rela- 

all    non-ascaphid    forms    originated    (Grif-  tively  slow  evolutionary  rates  for  this  line 

fiths,  1963).    Views  (a),  (b),  and  (d)  are  during   the    Cenozoic.     Yet    structural   im- 

based    mainly     on     comparative    anatomy  provements  in  aquatic  adaptations  have  oc- 

grounds,   while    (c)    partly   hinges   on   Or-  curred   since  the   Cretaceous   and   will   be 

ton's    ( 1953 )    tadpole    studies.     All    these  discussed    below.     Taxonomic    diversifica- 

views    were    handicapped    by    the    scanty  tion  has  presumably  been  limited  in  pipids 

pipid  fossil  material  available  at  the  time  throughout  their  history.    Neither  the  three 

they  were  proposed,  yet  all  share  the  belief  extant    genera,    with    15    species,    nor    the 

in  early  pipid  derivation.    This  conception  handful  of  known  Cretaceous  genera  sug- 

is   borne   out   by   the   fossil   record,    which  gest   a  high   level   of  taxonomic  prolifera- 

suggests  to  me  a  direct  derivation  of  pipids  tion.     However,    the   extinction    of   several 

from    proanurans.     The    independent   exis-  pipid   lines   during  the  Tertiary  may  sug- 

tence  in  the  Jurassic  of  ascaphids,  pipids,  gest  somewhat  higher  early  diversification, 

discoglossids,  and  possibly  some  represen-  Evolutionary  trends.   Pipids  show  a  basic 

tatives   of  the   advanced   frogs,   favors   the  broad   aquatic  adaptation   that  has  gradu- 

view  of  basal  rapid  diversification  of  those  ally   improved;   this   is   evident  from   com- 

lines  from  proanurans  in  the  Triassic;  the  paring   Ramon   and   Recent  pipids    (Table 

crucial    story   of  the   transition    period    re-  9).      The    skeletal    improvements    involve 

mains  to  be  told.  fusions,  losses,  reductions,  changes  in  ratios, 

Pipid  phylogeny  as  conceived  by  this  increase  in  size,  and  drastic  larval  changes, 
study  is  shown  in  Figure  17.  The  earliest  The  vertebrae  evolved  from  ectochordal 
known  certain  pipids  are  Cordieephahis  to  stegochordal,  and  the  neural  arches  be- 
and  Thoraciliaetis.  Both  suggest  a  long  came  imbricate.  Postsacrals  in  adults  were 
Jurassic  evolution  and  probably  early  di-  eliminated,  and  the  urostyle  fused  to  the 
versification.  The  cordicephaloid  line,  the  sacrum.  Fusions  occurred  in  adults  be- 
more  primitive  of  the  two,  evolved  slowly  tween  ribs  and  their  diapophyses,  between 
into  the  xenopoid  line  in  the  Tertiary.  The  some  successive  vertebrae,  between  carpals. 
Recent  genus  Xenoj)us\  a  direct  derivative  iind  between  distal  tarsals.  In  Pipa  and 
of  this  line,  is  known  from  the  Miocene  of  HymenoeJiirus,  the  number  of  presacrals 
Africa  ( Ahl,  1926 ) .  The  thoraciliacoid  line,  was  reduced  by  fusions  to  seven  and  six, 
on  the  other  hand,  exhibits  high  aquatic  respectively,  and  in  both  the  teeth  were 
specializations,  particularly  in  the  pelvis,  lost.  Skeletal  ratios  significantly  changed; 
This  rapidly  evolving  line  culminated  in  foremost  among  these  was  the  change  in 
Cretaceous-early  Tertiary  times  in  forms  length  ratio  of  fore-  to  hindlimb  from  0.59 
like  Saltenia  and  Shelania  in  South  Amer-  in  Cretaceous  CordieepJudus  to  0.40  in 
ica,  and  Eoxenopoides  in  South  Africa,  Recent  Xenopus.  Hymenochirus  turned 
thereafter  becoming  extinct.  The  paleo-  firmisternal  and  developed  synsacry,  thereby 
batrachids,  apparently  an  independent  pip-  shortening  its  column  to  just  five  free  seg- 
oid  line  whose  relationships  and  origin  are  ments.  A  phyletic  increase  in  size  is  prob- 
still  obscure,  flourished  for  a  short  time  in  able  in  pipids,  particularly  in  the  line 
Europe  during  the  Tertiary,  becoming  ex-  leading  from  Cordieephahis  to  Xenopus,  a 
tinct  in  late  Miocene  times.  ?ipa  and  Hy-  trend  indicated  in  many  other  phyletic  lines 
menochirus   whose    direct   ancestry    is    yet  by  "Cope's  Rule." 
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Figure  17.  Diagram  illustrating  relationships  of  pipoids  os  suggested  by  this  study,  plotted  against  time  scale.  Con- 
tinuous lines  based  on  available  fossil  record;  broken  lines  hypothetical.  Left  column  indicates  approximate  time  since 
the    beginning    of    the    periods    in    million    of    years. 
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Figure  18.  The  distribution  of  Recent  and  fossil  pipoids.  Recent  pipids  are  indicated  by  horizontal  lines:  in  South  Amer- 
ica— Pipa;  in  Africa — Xenopus  and  Hymenoch/Vus.  Fossil  pipoids  are  indicated  by  numbered  circles:  1.  Eobotrachus 
agilis;  7,  3,  Tboraciliacui  and  Cord/cepho/us;  4.  Saltenia  ibanezi;  5.  Shelania  posquo/i  6.  Eoxenopoides  reuningi  and 
Xenopus  stromeri;  7.  Palaeobafrachidae. 


The  most  impressive  modification  pipids 
underwent  is  in  the  evolution  of  their  lar- 
vae. Their  ancestral  larva  had  tail  verte- 
brae ( Nevo,  1956 )  as  in  the  Recent  Me- 
^o))]iiy.s  major  (Griffiths,  1956).  Paleoba- 
trachids  had  normal  tadpoles  without  caudal 
vertebrae  in  the  Miocene.  If  this  reflects 
the  condition  of  the  contemporaneous  pipid 
larva  in  the  Tertiary,  then  the  change  from 
the  ancestral  to  the  present  secondarily  sim- 
plified larva  occurred  in  late  Cretaceous- 
early  Tertiary  times. 

Paleogeogropliy.  The  distribution  of  Re- 
cent and  fossil  pipoids  is  shown  in  Figure 
18.  At  present,  pipids  have  a  disjunct  dis- 
tribution, mostly  in  the  tropics  of  the  old 
and  new  \\'orlds.  This  pattern  is  a  remnant 
of  a  pipid  distribution  over  the  greater  part 
of  the  world  during  Cretaceous  times,  pos- 


sibly extending  back  into  the  Jurassic,  as 
suggested  by  the  fossil  record.  The  ever 
changing,  often  contradictory  views  on  an- 
uran  centers  of  origin  and  dispersal  routes 
testify  to  the  near  impossibility  of  a  sound 
zoogeography  unless  documented  by  fos- 
sils. Furthermore,  even  the  fossil  record, 
which  is  rare  and  accidental  in  frogs,  i^ar- 
ticularly  in  terrestrial  ones,  may  be  mis- 
leading unless  it  is  documented  by  evi- 
dence of  early  radiations.  In  frogs  such 
radiations  presumably  occurred  in  the  Tri- 
assic,  and  are  as  yet  undocumented. 

The  history  of  fossil  pipoid  discoveries 
illustrates  perfectly  how  postulates  of  place 
and  time  of  origin  are  directly  related  to 
successive  fossil  finds.  The  rich  paleobat- 
rachid  finds  early  in  the  last  century,  from 
the  Tertiary  of  Europe,  added  support  to 
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the  Holarctic  school  advocating  a  northern 
origm  of  Anura  (Noble,  1931).  The  Cre- 
taceous Eo.xenopoides  from  South  Africa 
supported  the  postulate,  based  mainly  on 
the  distribution  of  modem  forms,  that  the 
Old  World  tropics  was  the  sought-for  cen- 
ter (Darlington,  1957).  The  subsequent 
discoveries  of  Solfenia  and  Shclania  from 
the  Cretaceous  and  Paleocene  of  Argentina, 
plus  the  Jurassic  Notobatrachus,  suggested 
South  America  as  the  pipoid  center  of 
origin  (Casamiquela,  1961a).  Similar  logic 
might  now  suggest  Asia  as  the  pipid  center, 
based  on  Ramon  pipids.  Evidently,  how- 
ever, the  crucial  discoveries  which  will  elu- 
cidate centers  of  origin  of  pipids  and  other 
early  frog  lineages  are  yet  to  be  made  in 
continental  Triassic  rocks. 

SUMMARY  AND  CONCLUSIONS 

1.  The  fossil  record  of  frogs  is  more  com- 
plete than  has  been  realized,  particu- 
larly for  pipids,  and  must  be  consid- 
ered in  evolutionary  interpretations 
along  with  studies  of  Recent  forms. 

2.  The  Ramon  frog  collection  permits 
studies  of  the  whole  skeleton  of  great 
numbers.  Consequently,  it  enables 
population  studies  of  inter-  and  intra- 
specific  variations,  population  dynam- 
ics, adaptive  complex,  and  phyloge- 
netic  inteipretation. 

3.  All  Cretaceous  pipoids  may  l)e  referred 
to   Recent   Pipidae. 

4.  The  evidence  of  Ramon  and  other 
Cretaceous  pipids  suggests  that: 

(a)  Pipids  have  been  an  independent 
aquatic  line,  at  least  since  the  Ju- 
rassic, and  they  probably  \\'ere  de- 
rived directly  from  proanurans  in 
Triassic  times. 

(1))  Pipids  arc  primarily  aquatic;  their 
origin  and  evolution  inxolve  a 
basic  afjuatic  adaptive  complex 
progressively  improving  in  aquatic 
co-adaptation. 

(c)  Pipids  aic,  and  have  always  been, 
a  melange  ol  ancestral  and  spe- 
cialized   characters,    \\[    (he    lattci 


proportionately  increase  in  time. 
The  skull,  pelvis,  and  limbs  spe- 
cialized early  in  pipid  evolution, 
whereas  the  column  and  pectoral 
girdle  always  lagged  behind. 

(d)  Evolutionary  trends  in  the  pipid 
skeleton  involve  structural  changes, 
fusions,  losses,  reductions,  ratio 
changes,  and  increase  in  size.  Most 
are  explicable  as  improvements  in 
aquatic  adaptation. 

(e)  Pipids  have  probably  never  been 
taxonomically  prolific,  yet  their 
record  suggests  a  rapid  basal  lim- 
ited diversification,  then  some 
Tertiary  extinctions,  and  later  a 
slower  generic  and  specific  split- 
ting in  the   Tertiary. 

(f)  The  cordicephalid  line  appears  to 
be  ancestral  to  the  xenopid;  the 
thoraciliacid  line  is  related  to 
"eoxenopoidids,"  but  became  ex- 
tinct in  Tertiary  times. 

(g)  Pipids  had  an  almost  worldwide 
distribution  in  the  Cretaceous  and 
probably  in  late  Jurassic  times; 
their  center  of  origin  is  as  yet  un- 
known. 
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Plate  1.      The  Amphibian  Hill   locality  in  western  Makhtesh  Ramon,    Israel. 


A.  Regional  view  of  western  Makhtesh  Ramon.  The  nm  is  made  up  of  Cenomanian  formations,  overlying  the  Nubian 
Sandstone  which  forms  the  slope.  The  black  hills  are  composed  of  the  upper  and  lower  basalts  of  early  Cretaceous  age. 
The  black  basalt  hill  in  the  right  half  of  the  photograph  is  the  Amphibian  Hill  comprising  the  exposure  from  which  all 
the    frog    collection    has    been    dug.     This    exposure    is    progressively  enlarged   by  increasing  closeups   in   Figures   B,   C,    and    D. 

B.  The  silt  unit  comprising  the  frogs  is  seen  as  a  tilted  lens  overlying  the  lower  basalt  and  underlying  the  upper  basalt. 
The    lens    tapers    out    under    the    basalt    cover. 

C.  A  closeup  of  the  amphibian  bed,  showing  the  laminated  deposit. 

D.  A  thin  section  of  the  rock  comprising  the  frog  bed,  magnified  X  30.  Note  the  white  laminations  consisting  of 
quartz    grains    and    alternating    with    the    black    hematitic-limonitic    laminae    which    contain    the    fossil    frogs. 
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Plate     8.      Cordicephalus     gracilis,     magnified     X  3.      A.     HUJZ,    F   177;    note   triangular   pelvis,   shape   of  sacral   diapophysis, 
elongated    pes    with    terminal    pointed    phalanges.     B.    t-IUJZ,    F  1 97;    note    skull    and    four    long    ribs. 
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THE  SPIDER  GENERA  GEA  AND  ARGIOPE  IN  AMERICA 
(ARANEAE :  ARANEIDAE) 


HERBERT  W.  LEVI 


This  is  the  first  pubHcation  in  a  series  of  common  spiders  is  immense  and  has  been 
revisions  of  North  American  orb  weavers,  a  bottleneck  in  many  researches.  The  few 
Despite  having  studied  representatives  of  speciahsts  with  knowledge  of  spiders  are 
the  genera  of  the  family  Araneidae,  I  am  overwhelmed  with  requests  for  determina- 
not  yet  certain  of  the  limits  and  diagnoses  tions.  Next  to  the  Linyphiidae,  the  Aranei- 
of  the  numerous  araneid  genera.  The  ge-  dae  are  most  difficult  to  determine  at  the 
nus  Argiope  is  an  exception;  the  species  present  time,  but  fragmentation  of  the 
belonging  to  it  are  readily  placed.  As  the  family  into  many  meaningless  genera,  as  in 
work  progresses,  I  expect  that  the  relative  the  Linyphiidae,  luckily  is  less  of  a  prob- 
importance  of  the  various  characters  will  lem  in  the  study  of  the  Araneidae. 
become  increasingly  apparent,  and  there  This  research  was  supported  in  part  by 
will  be  less  need  to  illustrate  as  lavishly  as  Public  Health  Service  Research  Grant  AI- 
in  this  paper.  As  most  North  American  spe-  01944  from  the  National  Institute  of  Al- 
cies  of  Argiope  have  wide  distributions  into  lergy  and  Infectious  Diseases.  I  am  grate- 
South  America,  I  have  found  it  advisable  ful  to  many  colleagues  for  their  help, 
to  include  South  American  members  of  the  Specimens  were  loaned  by  Dr.  W.  J. 
genus.  Even  though  Argiope  includes  our  Gertsch  of  the  American  Museum  of  Natu- 
commonest  spiders,  the  collections  exam-  ral  History;  Prof.  M.  Biraben  and  Dr.  Olga 
ined  had  many  specimens  erroneously  de-  Blanco  of  the  Museum  of  the  University 
termined,  and  the  Central  American  and  of  La  Plata;  Dr.  L.  Brundin  of  the  Stock- 
Mexican  species  have  been  confused.  In  holm  Natural  History  Museum;  Dr.  R. 
this  genus,  as  in  other  Araneidae,  it  is  not  Crabill  of  the  U.  S.  National  Museum;  Mr. 
at  all  easy  to  match  males  and  females.  J.  Kekenbosch  of  the  Institut  Royal  des 
The  broken-off  embolus  tip  of  the  male  Sciences  Naturelles  de  Belgique,  Brussels; 
palp,  found  in  the  connecting  ducts  of  the  Dr.  S.  G.  Lepneva  of  the  Zoological  Insti- 
female,  is  often  very  useful  in  matching  the  tute  of  the  Academy  of  Sciences,  Lenin- 
sexes  and  identifying  females  of  some  dif-  grad;  Dr.  M.  Muma  of  the  University  of 
ficult  species  (e.g.  Argiope  argentata,  Figs.  Florida;  Dr.  A.  Riedel  and  W.  Starega  of 
130-133).  Institute   of  Zoology,   Polish   Academy   of 

During  the  last   10  years  the  economic  Sciences;  Prof.  M.  Vachon  and  Mr.  J.  F. 

importance  of  spiders,  particularly  the  orb  Jezequel  of  the   Museum   National   d'His- 

weavers,  has  become  recognized.    Not  only  toire  Naturelle,  Paris;  Prof.  H.  K.  Wallace 

are  they  used  as  test  animals  for  laboratory  and  Mr.  K.  J.  Stone  of  the  University  of 

experimentation,  but  the  value  of  spiders  in  Florida;   Dr.   H.   Weems  of  Florida  State 

natural  control  of  insect  pests  in  being  stud-  Museum,  Gainesville;  Dr.  G.  B.  Wiggins  of 

ied.     The   difficulty   in    determining   even  the  Ro>al  Ontario  Museum,  Toronto;  Dr. 
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A.  Willink  and  Mr.  Z.  Tomsic  of  the  Insti- 
tute Miguel  Lillo,  Tucuman.  Father  Chry- 
santhus  sent  a  gift  of  New  Guinea  species 
of  Ar^io))C;  Dr.  B.  Y.  Main  sent  specimens 
from  western  Australia;  Dr.  O.  Kraus, 
Senckenbergische  Naturforschende  Gesell- 
schaft  supplied  information;  Dr.  G.  Owen 
Evans  and  Mr.  D.  L.  Clarke  of  the  British 
Museum  (Natural  History)  checked  types; 
Dr.  C.  Dondale  checked  specimens  in  the 
Canadian  National  collections;  Mr.  R.  Konig 
supplied  a  photograph  of  Ar^iopc  lobato; 
and  Mr.  Robin  Leech  sent  data  on  distri- 
butions in  Canada. 

The  labels  of  the  Wallace  and  Weems 
collections  provided  valuable  ecological  in- 
formation from  Michigan  and  Florida. 

In  this  and  all  anticipated  revisions,  as 
in  most  of  my  theridiid  revisions,  I  omit 
unillustrated  literature  records  that  lack 
voucher  specimens  in  one  of  the  large  pub- 
lic spider  collections.  The  reason  for  this  is 
that  I  have  found  even  the  commonest 
species  to  be  frequently  misidentified  in 
the  literature. 

ARANEIDAE   Latreille,   1806 

AraiieicU's  Latreille,  1806,  Cencra  Crustaceoruiii 
et  Insectoruni,  1 :  82.  Family  Araneides  includ- 
ing the  genus  Aranca  Linn.  (  =  Araneus  Clerck 
1757),   which   is   the   tyi^e   genus. 

Araneidea  Leach,  1817,  Zoological  Miscellany,  3: 
47.  Family  Araneidea  for  species  included  in 
this   family  by  Latreille. 

Araneadae  Leach,  1819,  in  Samouelle,  Entomolo- 
gists Useful  Compendium.  Family  Araneadae 
including  the  genus  Aranca,  which  is  the  t>pe 
genus. 

Lpeirides  Sundevall,  183-3,  Con.spectus  Arach- 
nidum,  p.  13.  Type  genus  Epeira  {=  Aranctis, 
ohjccti\e  synon\'m),  suhsequenth-  used  as 
Lpeiiidae. 

Argiopidae  Simon,  1890,  Ann.  Soc.  Entomol. 
l''rance,    (6)10:     81.    Type  genus  Ar^iopr. 

Araneidae  Dahl,  1912,  I  landworterbuch  der 
Naturwissenschaften,    1:    502. 


Note:  Of  the  three  family  names,  Epei- 
ridae  has  been  used  most,  Araneidae  least. 
At  the  present  time,  Araneidae  is  used  by 
German  and  some  American  authors,  Argi- 
opidae by  the  French  ( including  Bonnet's 
catalog)  and  by  many  English  and  Ameri- 
can authors.    Epeiridae  is  no  longer  in  use. 

Bonnet,  in  his  authoritative  Bibliog,ro})]iia 
Amneorum,  reasoned  that  the  name  Arane- 
idae is  so  similar  to  the  name  of  the  Order 
Araneae  as  to  create  confusion;  he  there- 
fore rejected  Araneidae  in  favor  of  Argiop- 
idae. However,  if  we  were  to  follow  Bon- 
net we  would  have  to  reject  some  of  the 
commonest  family  names  of  animals,  in- 
cluding Scoipionidae  and  Acaridae  among 
the  arachnids.  To  end  the  confusion  re- 
sulting from  use  of  three  names  for  one 
family,  I  ha\e  applied  The  International 
Code  of  Zoological  Nomenclature  on  the 
availability  of  family  group  names.  The 
earliest  emendation  of  Araneides  to  the 
current  spelling,  Araneidae,  appears  to  be 
that  of  Dahl  (Kaston,  1938,  Amer.  Midland 
Natur.,  19:  640).  An  apphcation  to  the 
International  Commission  on  Zoological 
Nomenclature  has  been  prepared  request- 
ing placement  of  the  Araneidae  Latreille, 
1806  on  the  Official  List  of  Family  Names 
in  Zoology. 

Description.  Araneidae  are  web  spiders. 
They  lack  a  cribellum  and  calamistrum, 
have  no  trichobothria  on  femora  or  tarsi, 
and  have  three  claws  on  their  tarsi.  The 
legs  are  relatively  short,  covered  \\ith 
macrosctae  ( "spines"  )\  but  there  is  no 
comb  on  the  fourth  metatarsus.  The  eyes 
are  arranged  in  two  rows  and  in  three 
groups,  the  median  group  of  four  eyes 
forming  a  square  or  trapezoid  separated  by 


'  A  spine  is  delined  in  American  dictionaries  as 
a  "stilt,  pointed  external  process"  ( Pcnnak,  1964, 
Collegiate  Dictionary  of  Zoology,  Ronald  Press). 


Geo  heptagon  (Hentz)  female.  Fig.  1.  Ventral  view  of  sternum  and  coxae.  Figs.  2,  3.  Left  chelicera.  2.  Anterior  view. 
3.  Posterior  view.  Figs.  4-8.  Epigynum.  4.  Dorsal  view.  5.  Ventral  view.  6.  Posterior  view.  7,  8.  Lateral  view.  Fig. 
9.  Epigync  of  eight  individuals  from  Cameron,  Louisiana.  Fig.  10.  Epigyna  of  eight  individuals  from  Washington  Co., 
Arkansas.  Fig.  11.  Dorsal  view,  Louisiana.  Fig.  12.  Ventral  view  of  abdomen,  Louisiana.  Fig.  13.  Ventral  view  of 
abdomen,    St,    Croix,    West    Indies.     Fig.    14.     Dorsal    view,    St.    Croix,    West    Indies. 
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some  distance  from  the  two  lateral  eyes 
on  each  side.  The  eyes  are  all  alike.  The 
area  between  the  eyes  and  the  border  of 
the  carapace,  the  so-called  "clypeus" 
(better  called  front),  is  low,  less  than  the 
height  of  the  eye  region.  Anatomically, 
the  clypeus  is  the  area  behind  the  chelic- 
erae,  and  the  name  might  better  be  aban- 
doned in  taxonomic  discussions. 

The  chelicerae  may  lack  the  anterior 
dorsal  projection  under  the  front  that  is 
present  in  many  Theridiidae  and  that  serves 
for  muscle  attachment.  This  projection  may 
be  present  in  the  Argiopinae.  On  the  face 
of  the  chelicerae  below  the  front  may  be 
a  knob,  little  developed  in  Argiopinae.  The 
chelicerae  are  strong  with  two  rows  of 
teeth  and  a  short,  strong  fang.  The  labium 
has  the  anterior  edge  swollen  or  "rebor- 
dered."   There  are  six  spinnerets  (Fig.  66). 

The  paracymbium  (P  in  Figs.  19,  20) 
of  the  male  palpus  is  attached  to  the  prox- 
imal end  of  the  cymbium;  it  is  not  a  free 
sclerite  as  in  the  Linyphiidae. 

Most  of  the  Araneidae  construct  orb 
webs;  the  spider  hangs  in  the  web  head 
down. 

At  present  I  do  not  know  the  limits  of 
family,  nor  can  I  judge  whether  Tetragna- 
thinae  belong  to  the  family.  The  inclusion 
of  TetragnatJia  has  no  bearing  on  the  fam- 
ily name,  according  to  the  International 
Code  of  Zoological  Nomenclature  (1961), 
as  the  family  name  is  attached  to  the  genus 
Arancus  no  matter  what  else  is  included  in 
the  family. 

Subfamily  ARGIOPINAE   Simon    1890 

Aryiopidaf     Simon,      1890,     Ann.     Sor.     Miilomol. 

France,  (6)10:    81.   'I'ypc  ^cnus  Ar^'/'o/jc. 
Argiopinae    Simon,    1895,    Histoirc    Naturdlc    dcs 

Araignees,   1 :   759. 

The  posterior  ('\'e  row,  seen  from  above, 
is  strongly  procurved  (Figs.  14,  43,  58). 
The  anterior  lateral  eyes  are  smaller  than 
the  other  eyes  (Figs.  17,74,102,  127).  The 
anterior  boss  on  the  chelicerae  (Figs.  2,  3, 
46-48,  63-64)  is  relatively  small,  and  the 
anterior  lace  has  a  proximal  pointed  apo- 


deme  similar  to  that  of  theridiids  ( Figs.  2, 
3,  46,  47). 

Of  the  first  pair  of  legs,  the  coxae  and 
trochanters  each  have  a  ventral  tubercle  or 
ridge  (Figs.  1,  92,  114-115,  139).  The  tar- 
sus and  metatarsus  combined  is  longer  than 
the  patella  and  tibia  of  each  leg.  The 
labium  is  wider  than  long  ( Fig.  65 ) .  Males 
are  much  smaller  than  females. 

The  male  palpi  (Figs.  19-20,  39,  42) 
resemble  those  of  theridiids.  The  termi- 
nal apophysis  characteristic  of  Araneus  is 
lacking,  and  the  tip  of  the  embolus  breaks 
off  when  mating  and  remains  in  the  female 
tubes  probably  in  all  species  of  Argiopc. 

The  spiders  hang  in  the  center  of  the 
almost  vertical  orb  web  and  do  not  have  a 
retreat  (Plate  I,  fig.  2;  Plate  II). 

Three  genera  were  included  in  the  sub- 
family: Argiopc,  Gca  and  Mecynogea. 
Mcci/nogea  does  not  belong  to  the  subfam- 
ily.  ' 

MECYNOGEA   Simon    1903 

Ihntzia  McCook,  1894,  American  Spiders,  3:  244. 
Type  species  by  monotypy  Epeira  basilica  Mc- 
Cook. Name  preoccupied  by  Hcntzia  Marx, 
1883,  in  Howard's  List  of  In\'ertelnate  Fauna 
ot  South  Carolina,  p.   26. 

Mecynogea  Simon,  1903,  Ann.  Soc.  Entomol.  Bel- 
,ui(iue,  47:  25.  Type  species  by  sulisecjuent 
designation  ( Petrunkex  itch,  1928,  Trans.  Con- 
necticut Acad.  Sci.  29:  135)  M.  higihha  Simon 
1903,   from   Brazil,  examined. 

Allepeira  Banks,  1932,  Publ.  Oklahoma  Biol.  Surv. 
4:  23.  New  name  to  replace  Hentzia  McCook. 
NFW   SYNONYMY. 

Key  i()  Cknera  ov  .Argiopinae 

la.  Anterior  nu-chan  eyes  ecjually  spaced  or 
closer  to  laterals  (Figs.  1,  17);  adult  fe- 
males smaller  than  6  mm  2 

1  h.  Anterior  median  eyes  usually  clo.ser  to  each 
other  than  laterals  (Figs.'  44,  59,  94); 
adult    females   larger   than   9   mm   ....   Argioj^e 

2a.   Adult   females Geo 

2b.  Adult    males 3a 

3a.   First  tibia  curved  and  bearing  strong  mac- 

rosetae    (Fig.    18) __ ._   Gca 

31).   First    tibia    straight    and    ariried    as    other 

legs   are    (  I'^ig.   7."i  )  Argiopc 

GEA   C.   L.   Koch    1843 

Gca  C.  L.  Kocli,  1843,  \)\r  Araclmiden,  10:  101. 
Type  species   !>>    monotypy   Gca  .\i)iiui)cs  C.   L. 
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Geo  heptagon  (Henfz),  male.  Fig.  15.  Dorsal  view.  Fig.  16.  Lateral  view  of  carapace  and  chelicerae.  Fig.  17.  Eyes 
and  chelicerae.  Fig.  18.  First  left  patella  and  tibia,  proloteral  view.  Figs.  19-24.  Left  palpus.  19-20.  Expanded.  21. 
Mesal    view.     22,    23.     Ventral    view.      24.      Ectal    view. 

Abbreviations;    C,  conductor;  E,  embolus;  I,  stipes;  M,  median  apopfiysis;  P,  paracymbium;  R,  radix. 
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Koch,    ibid.,    10:    101,    pi.    823,    from    the    East 
Indies. 

Koch  could  not  determine  the  sex  of  the 
specimen  he  described,  as  the  palpi  were 
missing  and  the  abdomen  shrivelled.  The 
specimen,  belonging  to  the  Berlin  Museum, 
could  not  be  located  in   1966. 

Despite  the  incomplete  description,  it 
has  been  assumed,  since  the  time  of  Simon, 
that  Gea  differs  from  Argiope  in  having 
the  anterior  eyes  evenly  spaced.  This  is 
not  apparent  in  the  Koch  illustration.  Fur- 
thermore, young  Argio))e,  and  often  small 
males,  also  have  the  anterior  eyes  evenly 
spaced.  The  species  Gca  heptagon  has 
always  been  associated  with  Gea,  and  it  is 
best  to  keep  it  in  the  genus  until  more 
knowledge  about  the  characters  of  the  dif- 
ferent genera  of  Araneidae  becomes  avail- 
able. 

Another  character  that  separates  the  gen- 
era is  the  modified  first  tibia,  curved  and 
armed  with  macrosetae  in  males  of  Gea 
(Fig.  IS),  unlike  that  of  Argiope  (Fig.  73). 
Koch's  specimen  may  have  been  a  male, 
as  the  first  tibiae  appear  to  be  curved  and 
armed  in  the  illustration. 

According  to  Simon  ( 1S95,  Histoire  Nat- 
urelle  des  Araignees,  1:  76S),  0<7  does  not 
make  a  stabilimentum. 

Of  the  numerous  species  described  from 
the    Americas,    some    are    Gea    heptagon, 
others    juvenile   Argiope.     Many   were    de- 
scribed by  Franganillo,  whose  descriptions 
of  Cuban  spiders  are  barely  recognizable, 
and  who  did  not  make  holotypes.    His  col- 
lection is  kept  at  the  Institute  of  Zoology, 
Academia  de  Ciencias  de  ("uba,  La  Ilabana. 
The  collection,  though  well  preserved  has 
no   labels,   only   numbers   glued   to   bottles. 
No  catalog  is  known  to  exist  (  personal  com- 
munication Dr.  P.  Alayo  D.,  March,  1967. ) 
The  G^ea  species  described  from  America 
with  their  ]:)robal)le  synonymy  are: 
Gc«  hitnueronala  Mello-Leitao,  1936,  Rev. 
Chilena   Hist.   Natur.,   40:    125,   fig.    14. 
Female,  probably  mature,  possibly  Argi- 
ope trifa.seiata.   The  holotx  jk-  is  probably 


in  the  Rio  Museum  but  could  not  be  ex- 
amined. 

Gea  deeorata  Thorell  var.  varians  Fran- 
ganillo, 1926,  Bol.  Soc.  Entomol.  Espafia, 
9:  12,  Cuba.  The  coloration  suggests  a 
ju\enile  Argiope  argentata. 

Gea  integra  Franganillo,  1930,  Invest.  Inst. 
Nac.  Cienc.  Havana,  1:  19,  Cuba.  The 
sketch  of  the  narrow  abdomen  with  a 
tubercle  on  each  side  suggests  a  juvenile 
Gea  heptagon.  Scattered  pigment  was 
probably  mistaken  for  the  epigynum. 

Gea  lineata  Franganillo,  1926,  Bol.  Soc. 
Entomol.  Espana,  9:  53,  Cuba.  Colora- 
tion and  lack  of  tubercles  suggest  a  juve- 
nile Argiope  trifa.seiata. 

Gea  panamen.sis  Chamberlin,  1916,  Bull. 
Mus.  Comp.  Zool.,  40:  243,  pi.  19,  fig.  8, 
c? .  Male  holotype  from  Panama,  in  the 
Museum  of  Comparative  Zoology,  exam- 
ined, is  Argiope  argentata. 

Gea  partita  Franganillo,  1930,  Invest.  Inst. 
Nac.  Ciencia,  1:  17,  Cuba.  This  may  be 
a  juvenile  Gea  heptagon,  and  the  descrip- 
tion of  the  epigynum  that  of  scattered 
pigment  spots. 

Gea  praedieta  O.  P.-Cambridge,  1898,  Biol- 
ogia  Centrali- Americana,  Araneidea,  1: 
267,  pi.  37,  fig.  11  c^.  Male  holotype 
from  Teapa,  Tabasco,  Mexico,  in  the 
British  Museum,  is  Gea  heptagon. 

Gea  .severinoi  Mello-Lt>itao,  1917,  Broteria, 
15:  91.  Female  from  Bello  Horizonto, 
Minas  Cerais.  This  species  makes  a  sta- 
bilimentum and  the  description  indicates 
that  it  is  a  juvenile  Argiope  argentata. 
The  holotx'pe  was  not  available  for  ex- 
amination. 

G^ea  sulxirniata  Thorell  \ar.  niaeulata  Fran- 
ganillo, 1930,  In\t\st.  Inst.  Nac.  Ciencia, 
1:  19,  ('uba.  The  description  appears  to 
l)e  that  of  a  (U'a  Jieptagon. 

Gea    heptagon    (Hentz) 
Figures    1-24;   Map    1 

I'.pciid  hcpld^ou  I  lent/,  1(S5(),  J.  l^ostoii  Sof. 
Natur.  Hist.,  0:  20.  '\'\\w  localities.  North 
C'aroliiia     and     Alabama;     siiccimcns    lost. 

iUa  heptagon, — Kc\serlin<j;,  1892,  Die  Spinnen 
Amerikas,   4:    76,   pi.    .3,    fij:;.    58,    9.     MeCook, 
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Gea   heptacjoii 


Map  1.     Distribution  of  Geo  heptagon  (Hentz). 


1893,  American  Spiders,  3:  208,  pi.  12,  fig.  8, 
9.  Tullj^ren,  1901,  Bihang  Svensk.  Vet.  Akacl, 
27:  9,  fig.  5,  $.  Petrunkevitch,  1930,  Trans. 
Connecticut  Acad.  Sci.,  30:  243,  figs.  93-96, 
9^.  Roewer,  1942,  Katalog  der  Araneae,  1: 
746.  Bonnet,  1957,  Bibliographia  Araneorum, 
2:    1982. 

Gea  praedicta  O.  P. -Cambridge,  1898,  Biologia 
Centrali-Americana,  Araneidea,  1:  267,  pi.  37, 
fig.  11,  S-  Male  holotype  from  Teapa,  Tabasco, 
Mexico,  in  the  British  Museum  ( Natural  His- 
tory), examined  by  D.  Clark  and  compared  to 
my  figures.    NEW  SYNONYMY. 

Gea  heptafion  var.  nigra  Petrunkev  itcli,  1930, 
Trans.  Connecticut  Acad.  Sci.  30:  245,  figs.  97- 
100.  Female  holotype  from  Puerto  Rico,  lost. 
NEW  SYNONYMY. 

?  Gea  Integra  Franganillo,  1930,  Invest.  Inst.  Nac. 
Cienc.  Havana,  1:  19,  Cuba.  NEW  SYNON- 
YMY. 

?  Gea  partita  Franganillo, 
NEW  SYNONYMY. 

?  Gea  subarmata  Thorell 
illo,  1930,  ibid.,  1:    19. 
YMY. 


1930,  ibid.  1:  17,  Cuba. 

var.    maculata  Frangan- 
Cuba.    NEW  SYNON- 


Gea  ergaster, — Chamberlin  and  Ivie,  1944,  Bull. 
Univ.  Utah,  Biol.  Ser.,  8(5):  104.  Not  Epeira 
erga^er  Walckenaer,  1841,  Histoire  Naturelle 
des  Insectes  Apteres,  2:   55. 

Note:  Franganillo's  names  have  insuf- 
ficient descriptions  to  place  them  with  cer- 
tainty. The  Chaml:)erhn  and  Ivie  ( 1944 ) 
synonymy  of  Gea  heptagon  with  the  older 
Epeira  ergaster  is  an  error.  Walckenaer's 
name  has  Abbot  manuscript  figure  235  as 
holotype.  Abbot's  figure  shows  a  light 
brown  spider,  probably  of  the  genus  Ara- 
neus,  certainly  not  Gea  heptagon.  (Color 
photographs  of  Abbot  illustrations  and  a 
microfilm  are  in  the  Museum  of  Compara- 
tive Zoology.)  The  Abbot  specimens, 
found  in  a  wasp  nest,  were  presumably 
illustrated  when  dry.  There  is  no  need  to 
change  the  widely  accepted  name  of  this 
species. 

Description.     Male.     Carapace    yellow- 
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brown,  legs  yellow-brown.  Abdomen  shield- 
shaped  with  lobes  on  sides,  a  black  patch 
on  posterior  part.  Anterior  median  eyes 
largest;  anterior  lateral  eyes  smallest,  one- 
half  size  of  posterior  laterals.  Anterior  me- 
dian eyes  one  diameter  apart,  one  diameter 
from  laterals.  Posterior  median  eyes  two 
diameters  apart,  more  than  two  diameters 
from  laterals.  Posterior  median  eyes  three 
diameters  from  anterior  medians.  Total 
length  2.6  mm.  Carapace  1.7  mm  long,  1.5 
mm  wide.  First  femur,  2.1  mm;  patella  and 
tibia,  2.2  mm;  metatarsus,  2.1  mm;  tarsus, 
0.9  mm.  Second  patella-tibia,  2.1  mm; 
third,   1.1   mm;  fourth,    1.7  mm. 

Female.  Carapace  yellow-brown.  Ster- 
num with  longitudinal  median  light  line 
and  white  lines  going  laterally  to  the  coxae. 
Legs  yellow-brown  with  dark  bands.    Dor- 


Plate  I.  Fig.  1.  Juvenile  Argiope  trilasciata  hanging  in 
web;  from  Liberty  Co.,  Florida.  (Photo  by  H.  K.  Wallace.) 
Fig.  2.  Adult  Argiope  argenlata  hanging  m  web;  from 
Plantation    Key,    Florida. 


sum  of  abdomen  white  with  a  median  pos- 
terior dark  triangle  (Fig.  11).  Venter  with 
white  pigment  spots  and  median  line  of 
dark  spots  (Fig.  12).  Anterior  median  eyes 
one  and  one-half  diameters  apart,  one  and 
one-half  diameters  from  laterals.  Posterior 
median  eyes  one  and  one-quarter  diameters 
apart,  two  and  one-half  diameters  from  lat- 
erals. Total  length  4.5  mm.  Carapace  1.9 
mm  long,  l.S  mm  wide.  First  femur,  2.3 
mm;  patella  and  tibia,  2.5  mm;  metatarsus, 
1.9  mm;  tarsus,  0.5  mm.  Second  patella  and 
tibia,  2.1  mm;  third,  1.3  mm;  fourth,  2.1 
mm. 

Specimens  from  the  West  Indies  have 
light,  probably  silver,  transverse  bands, 
more  contrasting  ( Fig.  14 )  than  in  speci- 
mens from  the  southeastern  United  States. 
The  specimens  with  most  contrast  came 
from  Puerto  Rico  and  the  West  Indies 
(Figs.  13,  14).  McCook  (1893)  indicated 
and  illustrated  some  of  the  light  areas  of 
the  abdomen  as  metallic  silver  similar  to 
the  color  of  many  species  of  Arii^iope.  Pe- 
trunkevich  ( 1930 )  described  the  light  areas 
as  pearly  white. 

Habits.  Despite  the  common  occurrence 
of  Gca  hcptaiion,  there  are  no  adequate 
descriptions  of  its  habits  or  of  its  web.  The 
web  appears  to  lack  a  stabilimentum  and 
the  viscid  spiral  is  dense.  The  web  is  per- 
pendicular and  on  the  slightest  disturbance 
the  spider  will  drop  out  of  it  (Hentz,  1850). 
The  web  is  probably  made  in  low  herba- 
ceous vegetation  (J.  Beatty,  pers.  comm.). 
In  large  collections  obtained  by  A.  M. 
Chickering  in  the  West  Indies  in  1966,  Gca 
hc])ta<ion  was  common,  but  was  never  col- 
lected witli  Arp^iopc  tiifasciata.  Both  spe- 
cies were  collected  with  Ari^iope  arg^cntala. 

Distribution.  Michigan,  Xc>\\  Jersey  to 
West  Indies,  wc\st  to  southern  California, 
south  to  Panama. 

Records.  Several  collections  are  avail- 
able from  the  xicinity  of  .Vlbion,  Michigan; 
there  is  a  literature  record  Irom  southern 
Wisconsin.  The  species  is  common  in  the 
West  bidies  as  tar  south  as  St.  Lucia 
(Map  1). 
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Plate    II.     Web    of    Argiope    Honda    Chamberlin    and    Ivie,    showing    the    four    stabilimenta.      The    spider    hangs    head    down 
in    the    hub   on    the    right  side   of   web.     (Photo    by    Dr.    T,    Eisner,   courtesy   of  Amer.    Assoc.    Adv.    Sci.    and    T.    Eisner.) 
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ARGIOPE  Audouin    1826 

Arfiyope  Audouin,  1826,  Explication  sommaires 
des  planches  d'Arachnides  de  I'Egypte  et  de  la 
Syrie  in  Savigny's  Descriptions  de  I'Egypte  et 
de  la  Syrie  (4):  121.  Type  species  designated 
by  Thorell,  1869,  On  European  Spiders,  p.  51, 
Argiopc  lolnita  (  =  A.  sericca  Olivier, — Audouin, 
1826). 

Arpiope, — Audouin,  1827,  ihicJ.,  2  ed.,  22:  328. 
Thorell,  1869,  On  European  Spiders,  p.  51. 
Emendation  of  generic  name  used  by  almost  all 
later  authors.  Bonnet,  1955,  Bibliographia  Ara- 
neorum,  2:   667. 

Argijopcs, — Latreille,  1829,  Les  Arachnides,  in 
Cuvier,  La  Regne  Animale,  p.  548.  (This  form 
was   used   by  several   authors   before    1875. ) 

Miranda  C.  L.  Koch,  1835  in  Herrich — Schaeffer, 
Deutschlands  Insekten,  Heft  128,  pi.  14.  Type 
species  Miranda  transalpino  C.  L.  Koch  [=  Ar- 
giopc hruc'n)iicJ}i  (Scopoli)].  Miranda  was  first 
synonymized  with  Argiopc  by  Thorell,  1869,  On 
European  Spiders,  p.  51. 

Argiopcs, — L.  Agassiz,  1846,  Nomcnclator  Zoolog- 
icus,  Soloduri,  Arachnidae,  p.  2. 

Mctargyopc  F.  P. -Cambridge,  1903,  Biologia  Cen- 
trali-Americana,  Araneidea,  2:  451.  Type  spe- 
cies  by   monotypy   A.    trifasciata. 

Notes:  1.  The  word  Ar<s,iopc'  is  derived 
from  the  Greek  for  brilliant  eye  [ApytW?;] 
and  would  today  require  an  i  in  its  spelling 
(Appendix  B,  Internal.  Code  Zool.  No- 
mencl.).  In  no  place  is  the  name  spelled 
with  an  i  in  the  first  edition.  In  the  second 
edition,  Ar0opc  appears  with  i.  Thorell, 
1869  ( the  first  of  several  authors  to  do  so ) , 
considered  Argiopc  to  be  an  emendation  by 
the  original  author. 

2.  The  name  of  the  genus  has  been 
spelled  for  almost  100  years  with  an  i.  It 
has  never  been  spelled  with  y  in  the  Amer- 
ican literature  or  in  the  combination  Ar- 
flio])e  aiirantia.  In  the  combination  A.  tri- 
fasciata,  the  common  cosmopolitan  species, 
the  genus  has  been  spelled  with  y  by  on))- 


four  authors  in  five  publications,  while  53 
authors  in  over  100  publications  spelled  it 
with  i  up  to  1938  (Bonnet,  1955). 

3.  Bristowe,  in  his  book  Comity  of  Spi- 
ders (1939,  Ray  Soc,  London),  spelled  the 
family  name  with  y.  Judging  by  other 
changes  made,  Bristowe  was  unaware  of 
the  importance  of  keeping  the  spellings  of 
scientific  names  unchanged  and  also  of  the 
provisions  of  the  International  Code  on 
Zoological  Nomenclature  (for  seeking  re- 
lief from  unnecessary  changes  brought 
about  by  strict  adherence  to  the  Code). 
Roewer's  Katalog  der  Araneae  ( 1952-1954), 
while  a  very  useful  compendium,  changed 
numerous  spellings  from  long  accustomed 
usage.  The  authoritative  Bibliographia 
Araneorum  of  Bonnet  ( 1945-1961 )  avoided 
such  changes  by  discussing  in  footnotes  any 
problems  concerning  the  correct  spellings 
in  use  since  the  time  of  Thorell. 

4.  Unfortunately,  some  German  authors, 
particularly  W.  Crome,  have  followed 
Roewer,  apparently  unaware  of  possible 
errors  and  of  the  discussion  in  Bonnet's 
catalog.  Crome,  in  his  studies  on  the  biol- 
ogy of  Argiopc  hruennichi,  used  the  spell- 
ing with  y.  The  only  recent  taxonomic 
work  on  Argiopc  is  that  of  Father  Chrysan- 
thus  (1958,  1961),  on  New  Guinea  spiders, 
who  was  advised  to  use  the  spelling  with  y. 

5.  There  appear  to  be  two  general  in- 
terpretations of  the  Code  on  Zoological 
Nomenclature.  One  favors  strict  adherence 
to  the  Code,  relief  from  its  strictures  to  be 
sought  by  application  of  the  individual  case 
to  the  International  Commission  of  Zoolog- 
ical Nomenclature,  and  considers  that  the 
50-year  statute  of  limitations  requires  such 
a  procediue.  No  issue  can  be  taken  with 
this  view  except  the  enormous  amount  of 


Argi'ope  /ofaa/o  (Pallas).  Figs.  25-35.  Epigynum.  25.  Dorsal  view,  USSR.  26.  Ventral  view,  USSR.  27.  Posterior  view, 
USSR.  28.  Lateral  view,  USSR.  29.  Dorsal  view,  Italy.  30.  Ventral  view,  Italy.  31.  Posterior  view,  Italy.  32.  Lateral 
view,  Italy.  33.  Dorsal  view,  France.  34.  Ventral  view,  France.  35.  Posterior  view,  France.  Fig.  36.  Female.  Fig. 
37.     Left   palpus,    mesal   view    (Isl.    Tremiti,    Italy).    Fig.    38.     Palpus,    ectal    view    (Isl.    Tremiti,    Italy). 

Argiope   bruenn/chi    (Scopoli).     Figs.    39-41.     Left    palpus.    37.      Expanded.     40.     Mesal    view.     41.      Ectal    view. 

Argiope    argentata     (Fabricius).      Fig.     42.      Left    palpus    expanded. 

Abbreviatons:     C,    conductor;    E,    embolus;    I,    stipes;    M,    median    apophysis;     R,    radix. 
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non-constructive  and  time-consuming  work 
in  making  the  applications,  and  the  dis- 
agreements that  arise  over  small  details 
in   applications. 

The  other  view  is  that  names  should  be 
freely  changed  about  in  strict  accord  with 
the  text  of  the  Code.  The  proponents  feel 
that  only  in  this  way  will  final  stability 
come  about.  This  is  not  a  convincing  ar- 
gument considering  that  one  still  finds  the 
name  Miranda  (a  synonym  of  Argiopc)  in 
catalogs  of  biological  supply  houses  and  in 
popular  literature,  and  the  name  Attidae  in 
the  technical  literature  although  Attidae 
was  supplanted  by  Salticidae  at  the  turn 
of  the  century,  when  the  name  Atiu.'i 
( Walckenaer  1(S05 )  was  found  to  be  a 
synonym  of  Salticus  Latreille  1804  (Bon- 
net, 1955,  Bi1}lio<^ra))Jiia  Araneonim,  2: 
781).  Also  the  junior  objective  synonyms 
of  Araneus,  Aranea  and  Epcira  continue  to 
be  used. 

The  spellings  in  Roewer's  Katalog  have 
unfortunately  only  added  to  our  nomencla- 
tural  burden  and  have  added  unnecessary 
synonyms  where  there  has  been  relative 
stability  since  the  time  of  Thorell.  Each 
case  has  to  be  considered  individually. 
Roewer,  unlike  Bonnet,  did  not  discuss  the 
problems  of  name  spellings.  Therefore, 
when  in  doubt,  we  may  have  to  consider 
the  possibility  that  mistakes  were  made  by 
Roewer. 

The  interpretation  ol  the  Code  shared  by 
a  number  of  North  American  spider  spe- 
cialists familiar  with  the  Code  (consulted 
in  letters  during  summer  1966)  is  that  the 
spelling  of  the  generic  names  used  in  Bon- 
net's authoritative  BihlioiJ^raphia  Arancortini 
should  be  contiiuied  and  that  the  continuit) 
and  stability  of  scientific  animal  names  is 
paramount. 

It  should  also  be  pointed  out  that  in  re- 
gard to  original  spellings  the  recent  (1961  ) 
International  Code  of  Zoological  Nomen- 
clature has  a  change  from  the  ])re\ious 
(French)  version,  which  condoned  later 
emendation.  No  provision,  except  through 
the  Statute  of   Limitations,  was  made  in  the 


new^  ( 1961 )  Code  to  bring  relief  in  the 
very  many  cases  in  the  Animal  Kingdom  in 
which  the  emended  spelling  has  become 
the  accepted  name. 

6.  A  formal  application  to  the  Interna- 
tional Commission  on  Zoological  Nomen- 
clature to  preserve  the  name  Arii.io})C  has 
been  made. 

7.  An  added  complication  is  the  homo- 
nym Aigiope  Eudes-Deslongchamps  1842, 
for  a  brachiopod,  the  name  of  which  was 
promptly  emended  to  Arg^ijope  Davidson, 
1850  ( according  to  Neave  1939,  Nomen- 
clator  Zoologicus,  1:  293).  This  name  has 
been  replaced  by  Meii,atJiiris  d'Orbigny, 
1847  ( see  Schuchert,  1929,  Fo.ssilium  Cata- 
Iog,u.s\  part  42,  Brachiopoda),  according  to 
information  kindly  supplied  by  Dr.  G.  A. 
Cooper  of  the  United  States  National  Mu- 
seum, presumably  because  Argiopc  Eudes- 
Deslongchamps  was  considered  a  junior 
homonym  of  Argiopc  Audouin.  The  use  of 
the  name  Ar<!,yopc  in  spiders  may  thus  af- 
fect the  stability  of  names  of  brachiopods. 

Dia<s,nosi.s.  Arg,iopc  differs  from  other 
araneids  ( except  Gca )  in  having  the  pos- 
terior eye  row  strongly  procurved  ( Fig. 
36).  The  anterior  lateral  eyes  are  smaller 
than  the  posterior  laterals  (Figs.  45,  74, 
102).  Each  of  the  posterior  median  and 
lateral  eyes  has  a  boat-shaped  tapetum  in 
the  lateral  half,  a  grate-shaped  tapetum  in 
the  median  half.  The  boss  on  the  anterior 
face  of  chelicerae  is  relatively  small  ( Figs. 
46-48 )  and  the  chelicerae  are  much  weaker 
than  in  Aranciis,  and  are  sometimes  in- 
clined posteriorly  at  the  distal  end. 

The  leg  metatarsus  and  tarsus  is  longer 
than  the  patella  and  tibia.  The  abdomen  of 
females  is  shield-shaped  (Figs.  36,  52,  61), 
that  of  males  and  juveniles  longer  than 
wide  (Figs.  54,  76,  103,   128,  148). 

All  make  a  nearly  vertical  orb  web  ha\'ing 
a  stabilimentuin  or  two  stabilimenta  cross- 
ing (in  /\.  (iiL!,('iilata  and  .A.  florida  Plate  I; 
iMate  II).  The  stabilimentum  is  always 
more  elaborate  in  \()ung  than  in  adults 
(  Plate  I  ).  Despite  its  name,  the  white 
bauds    do    not    luuetion    in    support    of   the 
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Argiope  aurantia  Lucas.  Figs.  43-45.  Female  carapace  and  chelicerae.  43.  Dorsal.  44.  Anterior  45.  Lateral.  Figs. 
46-48.  Left  female  chelicera.  46.  Anterio-mesal.  47.  Lateral.  48.  Ventral.  Figs.  49-50.  Epigynum.  49.  Dorsal  view. 
50.  Ventral  view.  Figs.  51-52.  Female  abdomen.  51.  Ventral.  52.  Dorsal.  Fig.  53.  Male  eyes,  chelicerae  and  pal- 
pus. Fig.  54.  Male,  dorsal  view.  Fig.  55.  Tips  of  a  male  embolus  retrieved  from  female  epigynum.  Fig.  56-57.  Left 
palpus.     56.     Mesal.     57.     Ectal. 
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web;  webs  of  the  largest  females  often  lack 
a  stabilimentum.  It  may  obscure  the  out- 
line of  the  spider,  which  does  not  have  a 
retreat  but  hangs  in  the  center  of  the  web 
(Plate  II).  However,  there  is  no  experi- 
mental evidence  for  this  theory.  The  sta- 
bilimentum may  help  guide  males  to  the 
female  (Crome  and  Crome,  1961b).  The 
frame  of  the  web  may  extend  on  each  side 
of  the  orb  and  may  be  strengthened  by 
the  spider.  It  is  not  periodically  replaced, 
as  is  the  viscid  silk. 

The  genus  Geo  has  been  separated  be- 
cause the  eyes  of  the  anterior  row  are 
evenly  spaced  or  closer  to  laterals.  Often 
they  are  so  in  Argiope,  and  as  this  is  an 
allometric  growth  character,  it  does  not 
hold  to  separate  juvenile  specimens  of  the 
genera.  Small  Argiopc  and  males  ( Figs. 
53,  102,  162)  have  the  same  arrangement 
as  does  Gea.  Adult  Argiope  generally  have 
the  anterior  median  eyes  closer  to  each 
other  than  to  the  laterals,  but  they  are  only 
slightly  closer  in  some  species.  The  males 
of  Geo  have  the  first  tibia  curved  and  with 
strong,  large  setae  (Fig.  IS);  those  of 
Argiope  are  not  modified  (Fig.  73). 

Color  illustrations  of  the  commonest  spe- 
cies will  be  published  in  a  forthcoming 
book  ( Levi  and  Levi,  in  press ) . 

Palpii.'i.  The  palpi  of  Gea  and  Argiope 
consist  of  the  same  parts  seen  in  theridiid 
palpi  (Figs.  39,  42).  When  I  started  to 
work  on  the  family  Theridiidae,  I  named 
the  parts  following  other  authors.  It  would 
have  been  wiser  to  study  first  the  arancid 
palpi  on  which  the  anatomical  names  were 
based  during  the  19th  century.  I  find  now 
that  what  I  called  median  apophysis  in  the 
theridiid  palpus  is  not  at  all  the  same  struc- 
ture called  median  apophysis  by  Chyzer 
and  Kulczynski  (  1S91,  Aranea  Ilungariae, 
Budajiest,  vol.  1 )  in  Arcnieus  (Uadeinatiis. 
As  the  parts  ol  the  araneid  palpus  \\v\v 
named  long  before  those  of  the  1'heridiidae, 
it  is  necessary  to  change  the  names  used 
for  theridiid  palpi  to  make  them  correspond; 
that  is,  to  exchange  the  term  mcnlian  apoph- 
ysis   ior   radix    and    vice   versa.     The    mis- 


take was  made  presumably  because  the 
theridiid  radix  often  is  similar  in  appear- 
ance to  the  median  apophysis  of  the 
Araneidae.  Such  similarity  of  two  nonho- 
mologous structures  suggests  similar  func- 
tion. The  figure  (fig.  12)  I  published  of 
Amneu.s  palpi  (Levi,  1961,  J.  Morphol. 
lOS:  4)  after  Comstock  was  poorly  copied 
and  incorrectly  labelled. 

On  the  mesal  side  of  the  palpus  (Figs. 
39-42 )  in  Argiope  and  Gea  is  the  radix  (R) 
as  in  theridiids.  The  median  apophysis 
( M )  is  a  median  structure  seemingly  of  no 
function  but  of  complex  shape  that  differs 
in  different  species.  In  all  Argiope  and 
Gea  the  embolus  ( E )  is  large  and  lies 
within  a  large  conductor  (C).  As  in  other 
Araneidae,  there  is  an  additional  sclerite, 
the  stipes  (I),  between  the  radix  and  the 
base  of  the  embolus.  But  the  terminal 
apophysis  found  in  the  palpi  of  Araneus 
species  is  lacking. 

Growth.  Crome  and  Crome  (1961a) 
published  the  remarkable  observation, 
based  on  sampling  in  the  field,  that  the 
body  of  female  Argiope  hruenniehi  doubles 
its  size  after  copulation  without  any  inter- 
vening molt.  Individuals  with  a  large  ab- 
domen (ready  to  lay  eggs)  had  a  longer 
carapace  and  longer  legs  than  individuals 
with  a  small  abdomen  (which  presumabK' 
had  just  molted).  There  is  some  possibility 
that  the  observation  is  erroneous. 

Crome  indicated  that  this  growth  is  al- 
lometric. However,  plotting  of  Crome's 
own  data  on  graph  paper  indicated  that  the 
growth  is  proportional. 

A  female  Argiope  argentata  kept  in  the 
laboratory  here  had  its  first  l(>ft  leg  re- 
moxed  18  days  after  the  last  molt.  The 
x'irgin  female  spider  died  5'i:  months  later 
of  natural  death.  There  were  no  measur- 
able difference's  between  the  remaining 
right  leg  and  the  preserved  leg.  The  female 
was  the  normal  si/e  of  adult  A.  argentata, 
and  all  parts  grew  in  the  same  proportion 
during  the  last  molt  (the  skin  was  kept). 
The  experiment  was  designed  and  carried 
out  l)\   W.  Eberhard  to  test  the  Crome  ob- 
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Argiope  trifasciata  (Forskal).  Figs.  58-72.  Female.  Fig.  58.  Carapace.  Fig.  59.  Eyes  and  chelicerae.  Figs.  60-62. 
Abdomen.  60.  Ventral  view.  61.  Dorsal  view.  62.  Ventral  view  from  St.  Croix,  Virgin  Islands.  Figs.  63-64.  Left  che- 
licera.  63.  Lateral  view.  64.  Posterior  view.  Fig.  65.  Endites  and  labium.  Fig.  66.  Spinnerets.  Figs.  67-69.  Epigynum 
from  Egypt.  67.  Dorsal  view.  68.  Ventral  view.  69.  Posterior  view.  Figs.  70-72.  Epigynum  from  Ontario.  70.  Dorsal 
view.     71.     Ventral    view.     72.      Posterior    view. 

Argiope    argentata    (Fabricius).      Fig.    73.     Male,    prolateral    view  of  patella   and   tibia   of   first  left   leg. 
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servations  on  one  individual  of  another 
species. 

Relationships.  A  number  of  characters 
inckiding  the  large  size  and  long  metatarsi 
suggest  relationship  with  ISJephilu.  More 
likely  both  are  adaptations  to  the  habit  of 
hanging  in  the  web  (Plates  I,  II)  as  the 
genitalia  of  the  spiders  and  the  structure  of 
the  web  are  quite  different. 

Among  the  species  of  Arg.io])e,  A.  trijas- 
ciato  ( Figs.  60,  61 )  looks  superficially 
much  like  A.  bnicnnichi.  Arfiiope  trijasci- 
ata,  although  cosmopolitan,  has  not  been 
collected  with  A.  hrucnnichi  and  is  not 
found  in  Europe;  their  ranges  are  mutually 
exclusive.  However,  the  genitalia  of  the 
two  species  are  quite  different.  The  geni- 
talia of  the  European  A.  hruennichi  (Figs. 
40,  41 )  are  similar  to  those  of  A.  aurantia 
(Figs.  56,  57),  but  the  two  are  quite  differ- 
ent in  coloration.  All  other  American  spe- 
cies have  genitalia  similar  to  those  of  A. 
tiifasciato,  so  similar  that  species  may  at 
times  be  difficult  to  separate  on  the  basis 
of  genitalia  only.  These  other  similar  spe- 
cies are  all  sympatric  with  A.  trifasciata  but 
probably  are  limited  to  different  habitats. 
Other  Ariiiope  similar  to  A.  trifasciata  are 
found  in  New  Guinea  and  the  East  Indies 
(Chrysanthus,  1958,  1961).  But,  of  course, 
the  Ar^iopc  of  India  and  Africa  are  not 
well  known. 

Most  similar  to  A.  trifasciata  in  colora- 
tion is  A.  florida.  Ar0O])e  florida  ( Figs. 
95-97 )  has  some  color  characteristics  found 
in  juveniles  (and  males)  of  A.  ar^cntata 
(Figs.  128).  There  is  some  evidence  of 
character  displacement;  the  genitalia  of 
A.  trifasciata  are  noticeably  small  ( Figs. 
80-85)  in  those  parts  of  the  range  where 
A.  florida  occurs.  Arii.io))('  florida  is  foimd 
only  in  the  southeastern  United  States.  The 
three  species,  A.  arii^entata,  A.  saviiimji  and 
A.  ])laiida  have  similar  color,  similar  geni- 


talia and  are  sympatric;  their  habits  are 
not  known. 

Habits.  In  connection  with  the  habit  of 
hanging  in  the  middle  of  the  web  in  broad 
daylight,  often  in  the  sun,  one  finds  sev- 
eral characteristics  that  may  be  adaptive. 
The  silver  reflecting  pigment,  for  instance, 
is  found  in  some  other  Araneidae  that  hang 
in  the  web  at  daytime  (e.g.  Leucaugc, 
Tetra'gnatha ) ,  also  in  the  web  parasites  Ar- 
iiyrodes  of  the  family  Theridiidae.  The 
large  size  may  be  an  adaptation  against 
water  loss  ( the  surface  is  relatively  small 
compared  to  the  volume ) .  The  long  meta- 
tarsi are  otherwise  found  only  in  Ncpliila 
which  has  similar  habits  and  is  also  large, 
while  the  very  different  web  and  genitalia 
indicate  that  Nc))hila  is  not  closely  related 
to  Argio))e. 

All  species  probably  prey  mainly  on 
grasshoppers.  I  have  observed  more  grass- 
hoppers caught  in  an  A.  trifasciata  web 
than  the  spider  could  possibly  consume. 
Argiopes  live  less  than  a  year;  the  female 
dies  after  making  an  egg-sac. 

Studies  on  the  life  history  and  behavior 
of  the  European  Arg,iope  hruennichi  have 
been  made  by  Crome  and  Crome  ( 1961a, 
b).  Infonnation  on  American  species  can 
be  found  in  McCook  (1889-1894),  and  ob- 
servations on  various  species  of  Ariiiopc 
have  been  published  by  Lewis  and  Eve 
(1965),  Peters  (1953),  Richter  (1960),  and 
Wiehle   (1931). 

Misplaced   Species 

Ar^i(>))c  tiKirxii  McCook,  1894,  Ainoricaii  Spiders, 
3:  223,  pi.  1,  fig.  5,  9.  Female  holohpe  from 
Fort  Yuma  [Yuma],  Arizona,  in  the  U.S.  Na- 
tional Museum,  examined,  [=  Cyrtophora  vtol- 
Jtirrcmis  ( Doleschall )].  It  was  collected  b> 
Marx:  as  inan\-  of  Marx's  collectintj  labels  are 
in  error,  we  cannot  lie  certain  that  the  speci- 
nicii  actualK'  came  froTn  ^  nma.  Anotlier  fe- 
male   ol    Cyrtopliora    iiiolliiccciisis    from    Albu- 


Argiope    trifasciata    (Forskal),    male.      Fig.    74.      Carapace    and   chelicera.     Fig.  75.     Eyes,    chelicerae    and    palpus.      Fig.    76. 

Dorsal    view.     Figs.    77-79.     Left   embolus    tip.     77.     Egypt.     78-79.     California.  Figs.   80-91.     Left   palpus.     80-85.     Florida. 

86-88.     Ontario.     89-91.     Egypt.     80,    83,    86,    89.      Mesal    view.     81,    84,    87,  90.     Ventral    view.     82,    85,    88,    91.     Ectal 
view. 
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querque,  Arizona  [sic]  is  in  the  Museum  of 
Comparative  Zoology,  Banks  collection. 
Epeira  fascinatrix  Walckenaer,  1841,  Histoirc  Nat- 
urelles  des  Insectes  Apteres,  2:  111.  Female 
holotype  from  Rio  de  Janeiro,  collected  by 
Freycinet,  lost.  This  name  may  have  to  be 
applied  to  the  connnon  \ery  large  araneid  found 
in  the  gardens  of  Rio  de  Janeiro.  It  is  not  an 
Argiope,  but  I  am  not  certain  to  which  genus 
the   species   belongs. 

Key  to  North  American  Argiope 
Females 

la.  Venter  of  abdomen  with  a  white  trans- 
verse band  (Fig.  125);  tropical  species    _  2 

lb.  Venter  of  abdomen  witliout  white  trans- 
verse band  (Figs.  51,  160);  temperate 
and    tropical    species    3 

2a.  Transverse  band  almost  as  wide  as  black 
area  between  band  and  epigynum  ( Fig. 
144);  posterior  face  of  epigynum  narrow 
without  depressions  (Fig.  142);  Te.xas  to 
Cluatemala    hhmda 

2b.  Transverse  band  less  than  half  width  of 
black  area  anterior  to  it  (Fig.  125); 
posterior  face  of  epigynum  relatively 
wide  and  with  two  depressions  on  its 
surface  (Fig.  122);  widespread,  tropical 
-    argcntaia 

3a.     Sides  of  posterior  half  of  abdomen  lobed       4 

3b.    Sides  of  posterior  half  of  abdomen  without 

lobes  5 

4a.  Posterior  half  of  dorsum  of  abdomen  with 
two  longitudinal  paralli'l  lines  (Fig.  97); 
southeastern    United    States   florklu 

4b.  Posterior  third  of  dorsum  of  abdomen  al- 
most entirely  black  (Fig.  161);  Costa 
Rica    to    Bolivia    savigmji 

5a.     Dorsum    of    abdomen    black    with    yellow 

spots    (Fig.   52)    aurantia 

5b.  Dorsum  of  abdomen  silvery  with  some 
transverse  black  lines,  sometimes  with 
some  yellowish  or  orange  marks  ( P"'ig. 
61)    - trifasciuta 

Males 

la.  Various  sclcrites  projecting  out  from  cym- 
binm  making  the  palpus  much  wider 
than  long    (Figs.   56,  57)    auruntia 

II).    Sclcrites  of  palpus  not  projecting  but  more 

or   less   curled  -  --   2 


2a.     A   small   spur   near    tip    of   palpal   embolus 

(Figs.  130-1.33,   135,   136)    argentata 

2b.    No   spur  near   tip   of  embolus   3 

3a.  A  large  spur  present  on  the  distal  face  of 
the  median  apophysis  ( Figs.  149,  165 ) ; 
tropical    America    4 

3b.    No   spur  or  only  a   small  spur    (Fig.    106) 

on  distal  face  of  median  apophysis  5 

4a.  A  large  thorn  at  base  of  palpal  embolus 
(Figs.  149-151);  Texas  to  Guatemala  ____ 
blanda 

4b.  Without  thorn  at  base  of  palpal  embolus 
(Figs.  165-167);  Costa  Rica  to  Bolivia 
savignyi 

5a.  Diameter  of  palpus  greater  than  0.6  mm; 
coil  of  embolus  large,  tip  almost  straight 
(Figs.  107,  110);  southeastern  United 
States    florida 

5b.  Diameter  of  palpus  less  than  0.5  mm;  coil 
of  embolus  small,  tip  curved  (Figs.  81, 
84,  87,  90);  Canada  to  Chile    ___  irifchsciuta 

Argiope   lobata    (Pallas)    Lobed   Argiope 
Figures  25-38 

Aranca  loJxiia  Pallas,  1772,  Spicilegia  Zoologica, 
9:  46.  Holotype  from  unknown  locality  [pre- 
sumably from   the   Ukraine],  lost. 

Argiope  lobata, — Simon,  1870,  Ann.  Soc.  Entomol. 
France,  (4)  10:  xcv.  Kolosvary,  1938,  Zool. 
An/..,  123:  22-25.  Bonnet,  1955,  Bibliographia 
Araneorum,  2:  687.  Levi  and  Levi,  Spiders  and 
their  Kin,  p.  69   ( in  press  ) . 

The  name  Arii,iopc  lohata  is  applied  to 
the  common  Mediterranean  species  found 
also  in  southern  Russia.  I  have  examined 
.specimens  from  Kazakhtan,  Kazakh,  USSR. 
France  and  North  Africa.  No  two  looked 
alike  (Figs.  25-35)  and  all  seemed  suffi- 
ciently different  to  be  considered  different 
species  on  first  impression.  However,  large 
series  of  the  spiders  were  examined  bv 
Kolosvary  ( 1938 )  who  illustrated  83  differ- 
ent epigyna  showing  all  kinds  of  inter- 
grades.  Th(>re  seems  to  be  both  geograph- 
ical and  individual  variation.  Kolosvary,  in 
one  of  the  few  studies  of  variation  of  Euro- 
pean   spiders,    considered    all    of    them    to 


Argiope  Honda  Chamberlin  and  Ivle.  Figs.  92-101.  Female.  92.  Sternum  and  coxae.  93.  Carapace.  94.  Eyes  ond 
chelicerae.  95.  Abdomen  of  juvenile  female.  96.  Ventral  view  of  abdomen.  97.  Dorsal  view  of  abdomen.  98-101. 
Epigynum.  98.  Dorsal  view.  99.  Lateral  view.  100.  Ventral  view.  101.  Posterior  view.  Figs.  102-111.  Male.  102. 
Sternum  and  coxae.  103.  Dorsal  view.  104,  105.  Tip  of  left  embolus.  106-111.  Left  palpus.  106,  109.  Mesal  view. 
107,    110.     Ventral    view.     108,    111.      Ectal    view. 
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belong    to    one    species.     His    argument    is 
convincing. 

The  species  has  a  greenish  color  in  alco- 
hol. Color  slides  made  available  by  Mr.  R. 
Konig  show  that  the  dorsum  of  the  cara- 
pace and  abdomen  (Fig.  .36)  is  silvery  in 
living  specimens  (Levi  and  Levi,  in  press). 

Argiope   aurantia    Lucas 

Black  and  Yellow  Argiope 

Figures  43-57;  Map   2 

Argyope  aurantUi  Lucas,  1833,  Ann.  Soc.  Entoniol. 
France,  2:  86,  pi.  5,  fiji.  1,  9.  Female  holotype 
from  North  America  probalily  in  the  Museum 
National   d'Histoire   Naturelle,   Paris.     Not   seen. 

Nephila  vcstita  C.  L.  Koch,  1839,  Die  Arachniden, 
.5:  35,  pi.  .3.58,  9.  Female  liolotype,  locality 
unknown,    presumably    in    the    Berlin    Museum. 

Epeira  cophimiria  Walckenaer,  1841,  Histoire  Nat- 
urelle des  Insectes,  Apteres,  2:  109.  Holotype, 
Abbot  illustration  no.  151,  from  Georgia,  in 
British  Museum;  color  photograph  of  original 
examined. 

Epeira  mni)itori(i  Walckenaer,  1841,  ilnd.,  2:  112. 
New  name  for  'Nephila  ve.stita  Koch  from  New 
York. 

Epeira  riparia  Hentz,  1847,  J.  Boston  Soc.  Natur. 
Hist.,  5:  468,  pi.  30,  fig.  5,  9.  Female  holotype 
from  United  States,  lost. 

Epeira  siitrix  Hentz,  1847,  il)id.,  5:  478,  pi.  31, 
fig.  23,  9  ■  Juvenile  female  syntypes  from 
South   Carolina   and   Pennsylvania,   lost. 

Argiope  riparia,  Emerton,  1884,  Trans.  Connecti- 
cut Acad.  Sci.,  6:  .329,  pi.  .34,  fig.  19,  9,  pi. 
.38,  figs.   13,   14,   19,    9  6  . 

Argiope  riparia  var.  tatiltieoneha  Treat,  1887, 
Amer.  Natur.,  21:  1122.  Female  holotype  from 
Guthrie,  Missouri. 

Argioi)e  personata  O.  P. — Cambridge,  1893,  Biol- 
ogia  Centrali-Americana,  Araneidea,  1:  110,  pi. 
14,  fig.  14,  9  .  Female  holotype  from  Acapulco, 
Mexico,   in   the    British    Museum. 

Argiope  eophinaria, — McCook,  1893,  American 
Spiders,  3:  217.  pi.  15,  figs.  1-6;  pi.  16,  figs. 
1,  5,  6,   9  ci. 

Argiope  attrantia. — Simon,  1895,  Histoire  Natur- 
elles  des  Araiguees,  1:  765,  767.  Kaston,  1948, 
liull.  Connecticut  (ieol.  Natur.  Hist.  Surv.,  70: 
221,  figs.  717-721.  Bonnet,  19,55,  Bibliographia 
Araueorum,  2:  675.  Le\i  and  l.('\i.  Spiders  and 
llicir  Kin,   p.  69   ( in  press  ). 

Argio))e  godaiani  ().  I'.-Ciunbridgc,  1898,  Biol- 
ogia  Centrali-.'Xmericana,  Araneidea,  I  :  2-36, 
pi.  .37,  fig.  8.  I'Cnialc  liolotxpe  Iroin  (Guatemala 
Cat\',   Guatcniala,   in   the   Hiilisli    Museum. 

Miranda  eoplunaria, — F.  P.-Cami)ridge,  190.3,  Biol- 
ogia  Centrali-Americana,  Araneidea,  2:  4.52, 
pi.  43,  figs.   4,  5,    9  i  . 


Description.  Male,  specimen  described 
from  Michigan.  Carapace  brown  with 
white  hairs.  Sternum  black  with  white  me- 
dian longitudinal  band.  Legs  brown.  Dor- 
sum of  abdomen  black  with  an  indistinct 
yellow-white  longitudinal  band  on  each 
side  ( Fig.  54 ) .  Venter  black  with  two  in- 
distinct longitudinal  lines.  Anterior  median 
eyes  about  one  and  one-half  diameters 
apart,  one  diameter  from  laterals;  posterior 
median  eyes  one  and  one-half  diameters 
apart,  two  diameters  from  laterals.  Sides 
of  abdomen  almost  parallel  to  each  other 
(Fig.  54).  Total  length  5.5  mm.  Carapace 
2.7  mm  long,  1.8  mm  wide.  First  femur, 
4..3  mm;  patella  and  tibia,  5.0  mm;  meta- 
tarsus, 5.0  mm;  tarsus,  L5  mm:  Second 
patella  and  tibia,  4.8  mm;  third,  2.4  mm; 
fourth,  .3.9  mm. 

Female,  specimen  described  from  Michi- 
gan. Carapace  yellow-white  with  some 
brown  markings  covered  up  by  white  hair, 
eye  region  black.  Sternum  black  \\'ith  me- 
dian longitudinal  yellow-white  band  (Fig. 
51).  Legs  are  banded  dark  brown;  the 
brown  bands  are  wider  than  in-between 
light  areas.  Dorsum  of  abdomen  is  shiny 
black  with  yellow  markings  ( Fig.  52 ) . 
Venter  with  two  longitudinal  white  bands 
enclosing  four  small  pairs  of  white  spots  on 
black  (Fig.  51).  Anterior  median  eyes 
about  one  and  one-half  diameters  apart, 
one  and  one-half  diameters  from  laterals; 
posterior  median  eyes  two  diameters  apart, 
three  diameters  from  laterals.  Abdomen  is 
shield-shaped  with  two  anterior  projections. 
Total  length  18  mm.  Carapace  15.9  mm 
long,  4.3  mm  wide.  First  femur,  7.4  mm; 
patella  and  tibia,  8.0  mm;  metatarsus,  6.8 
mm;  tarsus,  1.8  mm.  Second  patella  and 
tibia,  7.6  mm;  third,  4.3  mm;  fourth,  7.2 
mm.  Range  of  size  of  females  between  14 
and  25  mm.  Largest  specimens  are  from 
the  Southwest  and  Mexico. 

Diaij.no.si.s\  The  species  is  closest  to  the 
Furoj'X'aii  A.  hnuiinichi.  which  has  a  simi- 
lai-  p;ilpus  and  ( Figs.  ,39-41 )  also  has  an 
epigxnum  with  a  scape,  but  A.  I)rucnni<lii 
has    the    coloiiition    of    Ari^iopc    trifascidld 
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Argiope    aurantia 


Map  2.      Distribution  of  Argiope  aurantia  Lucas. 


(Fig.  61)  while  A.  aurantia  is  brightly 
colored  yellow  and  black  (Fig.  52). 

Hal) its.  Males  are  mature  in  July  and 
August,  females  from  August  to  December 
in  Florida.  In  Wisconsin  and  Michigan 
males  are  mature  in  August,  females  pre- 
sumably from  August  to  October.  For 
New  England,  Kaston  (1948)  reported  ma- 
ture males  in  late  July  and  August,  females 
from  August  to  October  with  the  first  co- 
coons appearing  in  August  and  September. 

In  Florida,  all  collecting  reports  with 
habitat  information  indicate  that  the  spe- 
cies is  limited  to  margins  of  lakes,  stream 
banks,  near  ponds  or  sinks  in  swamps, 
rarely  in  sand  scrub.    Also  in  Michigan  at 


the  George  Reserve,  A.  aurantia  is  limited 
to  swamps,  bogs  and  pond  margins;  this  is 
probably  true  also  for  Wisconsin.  In  New 
England  A.  trifasciata  and  A.  aurantia  are 
found  in  similar  habitats,  meadows  contain- 
ing high  grass  and  goldenrod  {Solida^o  sp.). 
Both  species  were  very  aliundant  from  1956 
to  1957  but  rapidly  disappeared  with  the 
onset  of  the  recent  (1960-1966)  drought, 
A.  aurantia  being  first  to  disappear.  Both 
species  reappeared  in  large  numbers  during 
the  wet  summer  of  1967. 

The  web  has  a  single  zig-zag  stabilimen- 
tum  that  extends  above  and  below  the 
center.  The  egg  cocoon  is  a  brown  sphere 
of  papery  consistency  attached  at  its  top 
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end.  Each  sphere  contains  400  to  1000 
yellow  eggs.  Young  instars  o\er\vinter  in 
the  egg  cocoon  and  emerge  in  April  or  May 
(Kaston,  1948). 

Di.strihution  (Map  2).  Nova  Scotia, 
southern  Ontario,  south  to  Guatemala  City, 
Guatemala,  but  absent  from  predominantly 
arid  areas.  There  is  a  literature  rc^cord  from 
El  Salvador  (Peters,  1953)  indicating  that 
it  is  found  in  hot  lowlands  along  the  coast, 
disappearing  in  fall. 

Argiope   frifasciafa   (Forskal) 
Banded  Argiope 

Plate  I;  Figures  58-72,  74-91;  Map  3 

Aidiica  trifasciuta  Forskal,  1775,  Descriptiones 
Animalium  Avium,  Amphibioruni,  Pisciiini,  In- 
sectoruni,  Vermuni,  Hauniae,  p.  86.  Holotype 
from  Caini   [Ejiypt],  lost. 

Aiaiica  fa.stuo.sv  Olivier,  1789,  Eiicyel.  Mt-thod.,  4: 
202.    Syntypes  from  C^iiadalupe. 

Ar^yope  aurelia  Audouin,  1827,  Explication  som- 
maire  des  Planches  d'Arachnidcs,  /)i  .Savigny, 
Description  de  I'Egypt.,  22:  3.31,  pi.  2,  fig.  .5, 
9  $  .     Syntypes   from   Egypt. 

Epeira  uehhii  Lucas,  18.38,  in  Barker,  Webb, 
Berthelot,  Histoire  Naturelle  des  lies  Canaries, 
2:  .38,  pi.  6,  fig.  5,  9.  Syntypes  from  Canary 
Islands. 

Epeira  argyruspicUs  Walckenaer,  1841,  Histoire 
Naturelle  des  Insectes,  Apteres,  2:  110.  Fe- 
male holotype  is  Abbot  illustration,  fig.  1.56,  in 
the  British  Museum;  color  photograph  examined. 

Epeira  fa.seiata, — Hentz,  1847,  J.  Boston  Soc. 
Natur.  Hist.,  5:  468,  pi.  30,  fig.  8,  9.  Not 
E})eira  faseiata  (  =  .A.  hruciniichi ) . 

Epeira  flavipcs  Nicolct,  1849,  in  Cay,  Historia 
Chili,  10  (3):  493.  Specimens  from  \'aldi\  ia, 
C;liilc,  probably  in  the  Museum  National  (FHis- 
toire  Naturelle,  Paris. 

Argyoix'  avin-d  Thorell,  18.59,  ofvers  Kongl.  Vet. 
Akad.  I'Orh.,  16:  299.  Female  s\iitypes  from 
San  Francisco,  California,  and  Oaliu,  Honolulu, 
in  the  Natural  History  Museum,  Stockholm,  ex- 
amined. Tlic  California  specimen  is  in  poor 
condition,  tlic  Hawaiian  specimen  in  excellent 
physical  condition.  Bonnet,  1955,  Bibliographia 
Araneorum,  2:  677  (sub  Argi()))e).  NEW  S^  \- 
OXYM^. 

Argiope  t r ifa.se iai a, — Thorell,  1873,  Remarks  on 
Sxnonyms  of  European  Sjiiders,  p.  519.  Kas- 
ton, 1948,  Bull.  Connecticut  Cleol.  Natur.  Hist, 
Surx.  70:  222,  figs.  697-699,  722-723,  2034- 
20.35,  9  c^  .  Bonnet,  1955,  Bibliographia  Ara- 
neorum, 2:  694.  Levi  and  Levi,  Sjiiders  antl 
their    Kin,    p.    68.     (in    press) 


Argiope  stietiealis  O.  P. -Cambridge,  1876,  Proc. 
Zool.  Soc.  London,  p.  576.  Juvenile  syntypes 
from  Egypt  probablx'  at  the  Hope  Dept.  of 
Entomology,   Oxford. 

Argyopes  indeeissa  Holmberg,  1876,  An.  Agr.  Rep. 
Argentina,  4:  112.  Female  specimens  presum- 
ably from   Buenos   Aires,   lost. 

Argiope  hentzi  Thorell,  1878,  Ann.  Mus.  Civ. 
Geneva,  13:  295.  New  name  for  A.  fa.seiata, 
— Hentz. 

Argiope  transversa  Emerton,  1884,  Trans.  Con- 
necticut Acad.  Sci.,  6:  330,  pi.  34,  fig.  20;  pi. 
28,  figs.  1.5-18,  9  i.  New  name  for  A.  fasei- 
ata,— Hentz. 

Argiope  argyraspis, — McCook,  1894,  American  Spi- 
ders, 3:  219,  pi.  15,  figs.  7-12;  pi.  16,  figs.  3-4, 
9  i. 

Metargyope  trifa.seiata, — F.  P. -Cambridge,  1903, 
Biologia  Central!- Americana,  Araneidea,  2:  451, 
pi.  43,  figs.  2,  3,    9  i 

Argiope  .simplex  Badcock,  1932,  J.  Linnean  Soc. 
London,  38:  17,  fig.  12.  Female  holotype  from 
Rio  Verde,  6  miles  north  of  Makthlawaiya, 
Paraguay,  in  the  British  .Mn.seum,  examined  by 
D.  J.  Clark.    NEW  SYNONYMY. 

Argiope  ahalosi  Mello-Leitao,  1942,  Rev.  Mus.  La 
Plata,  (N.S.)  2:  .399.  Juvenile  holotype  from 
Lujan,  Santiago  del  Estero  in  the  .Museo  de  la 
Plata,  examined.    NEW  SYNONYMY. 

Argiope  seininola  Chamberlin  and  Ivie,  1944,  Bull. 
Univ.  Utah,  Biol.  Ser.,  8  (5):  96,  figs.  98-102, 
9  S .  Female  liolotype  from  10  miles  east  of 
Naples,  Florida,  probablv  in  the  Unixersity  of 
Utah   collection,  not   seen.    NEW   SYNONYMY. 

Argiope  stenoga.stra  Mello-Leitao,  1945,  Re\-.  Mus. 
La  Plata,  (N.S.)  4:  235.  Juvenile  holotype 
from  Solari,  Corrientes,  in  tlic  Museo  de  la 
Plata,  examined.    NEW  SYNONYMY. 

Description.  Male,  specimen  described 
from  North  Carolina.  Carapace  yellow- 
brown.  Sternum  yellow-brown  with  white 
spot  opposite  each  coxa  surrounded  by 
some  dark  pigment.  .\  white  spot  behind 
labium.  Legs  \ellowish  brown.  Dorsum  of 
abdomen  white.  \' enter  with  pigment  spots 
and  two  white  linc\s  bordered  by  narrow 
black  ones.  Anterior  median  exes  about 
one  and  one-half  diameters  apart.  Posterior 
ex'cs  a  little  mori'  than  two  diamettMs  apart. 
Sides  of  the  abdomen  almost  jiarallel  (  Fig. 
76).  Total  length  5.5  mm.  (>arapace  3.0 
iiiiu  long,  2.1  mm  wide.  First  femur,  4.6 
mm;  patella  and  tibia,  5.S  mm;  metatarsus, 
5.6  mm;  tarsus,  1.6  mm.  Second  patella  and 
tibi;i,   5.0   mm;    third,   2.0  mm;    fourth,   4.2 
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Arcjiope   trifasciatn 


Map  3.      American  distribution  of  Argiope  trifasciata  (Forskal). 
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mm.  Total  length  of  a  male  from  the  West 
Indies  5.8  mm.  Carapaee  2.7  mm  long,  2.3 
mm  wide.  First  patella  and  tibia,  4.3  mm; 
second,  4.0  mm;  third,  1.7  mm;  fourth,  3.1 
mm. 

Female,  specimen  described  from  North 
Carolina.  Carapace  dark  with  white  scales. 
Sternum  black  with  a  median  white  longi- 
tudinal band  and  two  white  spots  on  each 
side  (  Fig.  60 ) .  Legs  dark  brown  with  dark 
brown  bands  as  wide  as  lighter  areas  be- 
tween. Abdomen  white  with  transverse 
dark  lines  (Fig.  61).  Venter  l)lack  with 
two  parallel  white  lines  enclosing  a  black 
area  which  contains  four  pairs  of  white 
spots  ( Fig.  60 ) .  Anterior  median  eyes  one 
and  one-quarter  diameters  apart,  one  and 
one-half  diameters  from  laterals.  Posterior 
eyes  a  little  less  than  two  diameters  apart. 
Abdomen  oval  in  shape,  sometimes  poster- 
ior tip  overhanging  way  beyond  the  spin- 
nerets (Fig.  62).  Total  length,  17  mm. 
Carapace  5.5  mm  long,  4.0  mm  wide.  First 
femur,  7.6  mm;  patella  and  tibia,  8.2  mm; 
metatarsus,  8.2  mm;  tarsus,  2.1  mm.  Sec- 
ond patella  and  tibia,  8.1  mm;  third,  4.2 
mm;  fourth,  7.0  mm. 

Total  length  of  a  female  from  the  West 
Indies  24  mm.  Carapace  7.4  mm  long,  6.3 
mm  wide.  First  femur,  10.1  mm;  patella 
and  tibia,  11.0  mm;  metatarsus,  12.5  mm; 
tarsus,  2.4  mm.  Second  patella  and  tibia, 
11.0  mm;  third,  5.9  mm;  fourth,  8.9  mm. 

Variations.  Females  range  in  size  from 
12-26  mm.  The  smallest  specimens  came 
from  southern  South  America,  the  largest 
ones  from  the  West  Indies  and  Mexico.  The 
West  bidian  specimens  had  the  most  over- 
hanging tails   (Fig.   62). 

Diaiinosis.  Male  Arii,iopc  trifasciata  have 
been  confused  with  A.  florida.  IIowev(>r, 
the  embolus   has   a   diameter   of   less    than 


0.5  mm  (Figs.  81,  84,  87,  90);  that  of  A. 
florida  is  more  than  0.6  mm  ( Figs.  107, 
110).  The  embolus  lacks  the  small  spur 
that  projects  near  the  tip  in  A.  argentata 
(Figs.  130-133).  Females  can  be  separated 
from  other  species  by  lack  of  a  transverse 
lip  anterior  to  the  septum  of  the  epigvnum 
(Figs.  68,  71). 

Habits.  Males  are  mature  from  June 
until  November  in  Florida,  females  from 
June  until  December.  In  Wisconsin  and 
Michigan  males  are  found  from  August  un- 
til September,  females  from  August  until 
October.  In  Connecticut,  males  are  mature 
from  July  to  September,  females  from 
August  until  frost  (Kaston,  1948);  the  dates 
are  about  the  same  in  other  parts  of  New 
England. 

In  Florida  the  animals  are  found  in  high 
drv  grass  areas  and  weeds,  in  low  brush 
in  pines,  in  sand  scrub,  all  much  drier  habi- 
tats than  that  of  A.  aiirantiu.  All  collections 
in  Michigan  came  from  upland  fields,  rarely 
moist  fields.  Kaston  ( 1948 )  reports  A. 
trifasciata  and  A.  atirantia  from  similar 
situations  but  less  common  than  A.  auran- 
tia  in  Connecticut.  In  the  areas  of  eastern 
Connecticut  and  eastern  Massachusetts 
that  I  have  lived  in,  A.  trifasciata  was  more 
common  than  A.  aurantia  but  had  similar 
habitats.  While  both  species  \\'ere  very 
common  in  1956-1957,  both  almost  disap- 
peared, perhaps  as  a  result  of  the  recent 
(1960-1966)  drought.  Individuals  of  A. 
trifasciata  were  found  occasionalh  during 
the  drought.  They  reappeared  in  abun- 
dance during  the  summer  of  1967. 

In  large  collections  from  the  West  Indies, 
Cca  heptagon  was  commonh-  collected 
with  ArgiojX'  argentata.  But  Clea  and  A. 
trifasciata  weic  never  collected  together. 


Argiope  argentala  (Fabricius).  Figs.  112-125.  Female.  112.  Carapace.  113.  Eyes  and  chelicerae.  114-115.  First  left  coxa 
and  trochanter.  116-118.  Left  cfielicera.  116.  Posterior  view.  117.  Anterior  view.  118.  Lateral  view.  119-124.  Epig- 
ynum.  119-122.  Veracruz,  Mexico.  119.  Lateral  view.  120.  Dorsal  view,  121.  Ventral  view  with  embolus  tip.  122. 
Posterior  view.  123.  Ventral  view  from  slightly  posterior,  Florida.  124.  Ventral  view,  Lima,  Peru.  125.  Abdomen,  ven- 
tral view.  126.  Abdomen,  dorsal  view.  Figs.  127-136.  Male.  127.  Eyes,  chelicerae  and  palpus.  128.  Dorsal  view. 
129.  Lateral  view  of  carapace.  130-132.  Embolus  tips.  130,  131.  From  right  side  of  epigynum,  from  Peru.  132-133. 
Right    tips,    Mexico.      134-136.      Left    palpus.      134.      Mesal    view.     135.     Ventrol    view.     136.     Lateral    view. 
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The  web  has  a  vertical  stabiHmeiitum 
above  and  below  the  spider;  sometimes  it 
is  lacking  (Kaston,  1948).  The  egg-sac  is 
made  in  fall  and  soon  afterward  the  female 
dies.  The  sac  is  brown,  the  eggs  yellow, 
more  than  100  of  them  in  a  sac  ( Kaston, 
1948).  In  New  England  there  is  just  one 
generation  a  year.  The  egg-sac  is  papery, 
flat  above  and  rounded  below.  The  young 
spiderlings  in  spring  resemble  young  tetra- 
gnathids  but  do  not  have  long  jaws  and 
the  venter  of  the  abdomen  has  a  black 
longitudinal  band. 

Distribution.  Cosmopolitan  but  absent 
from  areas  where  A.  hruennichi  is  found. 
It  has  been  reported  from  the  Mediterra- 
nean, Angola  and  Natal,  Madagascar,  Asia 
Minor,  Indian  Ocean  islands,  Malay  Penin- 
sula, Australia,  New  Caledonia,  New  He- 
brides, Fiji  (Bonnet,  1955).  In  the  Ameri- 
cas, it  occurs  from  Nova  Scotia  and  British 
Columbia,  to  southern  Chile  and  northern 
Argentina,  and  Hawaii,  but  apparently  it 
is  absent  from  large  areas  that  are  covered 
by  tropical  forests   (  Map  3 ) . 

The  distribution  of  A.  trifa.sciata  is  un- 
known, because  it  may  have  been  con- 
fused  with  A.  hruennichi  of  Eurasia  and 
other  names  may  ha\e  been  applied  to  it. 
It  appears  to  be  almost  cosmopolitan.  Speci- 
mens examined  from  the  Mediterranean  re- 
gion came  from  Madeira,  Porto  Santo  ( T. 
D.  A.  Cockerell).  African  specimens  ex- 
amined were  from  Egypt;  and  from  Far- 
adje,  Republic  of  the  C'ongo  (American 
Museum  Congo  Expedition).  Atlantic 
Ocean  islands:  Madeira,  Isla  da  Trinidade 
(Brazil)  and  St.  Helena  Island  (A.  Lover- 
idgc).  It  is  a  common  species  on  St.  Hel- 
ena. Australian  l-'acific  area:  Eromanga 
Island,  New  Hebrides  ( L.  MacMillan), 
Western  Australia  (  B.  Y.  Main). 

There  are  literature  records  from  the 
lower  Amazon  {V.  P. -(Cambridge,  1903) 
and  Cuyana,  l^ra/il,  and  the  Antarctic 
(Bonnet,  1955).  11ie  Aiilaretie  record 
turned  out  (o  be  an  error:  it  was  colleeled 
by  the  British  Expedition  to  tiie  Antarctic 
Continent  on  Trinidad   Island  oil   the  coast 


of  Brazil.    No  spiders  are  known  from  the 
Antarctic. 

Argiope  florida  Chamberlin  and  Ivie 
Florida   Argiope 
Plate  II;   Figures  92-111;  Map  4 

Argiope  argentcita, — McCook,  1894,  American 
Spiders,  3:  220  (in  part),  pi.  16,  fig.  1,  $. 
Not   A.   argcntata    (  Fabricius  ) . 

Ar<iio})e  florida  Chamberlin  and  Ivie,  1944,  Bull. 
Univ.  Utah,  Biol.  Ser.,  8  (5):  95,  figs.  93,  94, 
96,  9 .  Female  holotype  from  Lake  Worth, 
Florida,  found  in  webs  of  large  cacti  probably 
in   the   Ihiiversity   of  Utah   collection,   not  seen. 

Arfi,iope  seminola, — Chamberlin  and  Ivie,  1944, 
ibid.,  8  (5):  96,  figs.  100,  102,  6.  Not  9 
holotype. 

Note:  The  male  figured  by  Chamberlin 
and  Ivie  as  A.  florida  seems  to  be  a  speci- 
men of  A.  trifasciata;  the  male  figured  as 
A.  seminola  is  A.  florida.  Figure  551  of 
Abbot,  interpreted  as  A.  seminola  ( —  A. 
trifasciata )  by  Chamberlin  and  Ivie,  is  no 
doubt  A.  florida.  The  species  seems  to 
have  been  confused  with  A.  ar^entata. 

Description:  Male.  Carapace  light  brown. 
Labium,  maxillae  brown.  Sternum  dark 
on  each  side,  legs  brown.  Abdomen  dorsum 
with  two  longitudinal  bands  on  some  silver 
(Fig.  103),  venter  black  with  two  white 
longitudinal  bands.  There  are  no  lobes  on 
the  sides  of  the  abdomen  ( Fig.  103 ) .  Total 
length,  4.5  mm.  Carapace  2.2  mm  long; 
2.1  mm  wide.  First  femur,  3.5  mm;  patella 
and  tibia,  4.2  mm;  metatarsus,  4.0  mm; 
tarsus,  1.3  mm.  Second  patella  and  tibia, 
3.8  mm;  third,  1.8  mm;  fourth,  2.9  mm. 

Female.  Carapace  eompleteh'  coxered 
by  long  silvery  scales  on  dark  brown  back- 
ground. Chelicerae,  labium,  maxillae  dark 
brown  with  labium  and  maxillae  ha\ing 
the  distal  rim  light.  Stennnn  dark  brown 
with  median  light  mark  which  forks  pos- 
teriorK  into  3  jirongs.  Legs  dark  brown 
with  lighter  rings  as  wide  as  dark  areas 
and  some  white  scales  on  ventc  r.  Dorsum 
ol  abdomen  siKcry  with  sil\t'r\'  scales  on 
white  background  excei)t  two  longitudi- 
nal (lark  stripes  at  the  posterior  hall  of 
the  abdomen    (Fig.    97),   and    the    anterior 
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face  of  the  lateral  lobes  is  black.  The  ven- 
ter has  two  longitudinal  white  lines  on 
black  background,  broken  in  the  posterior 
part  of  the  abdomen  and  going  around 
spinnerets.  Total  length,  16  mm.  Carapace 
10  mm  long,  8.0  mm  wide.  First  femur, 
8.1  mm;  patella  and  tibia,  8.7  mm;  meta- 
tarsus, 8.2  mm;  tarsus,  2.3  mm.  Second 
patella  and  tibia,  8.6  mm;  third,  5.0  mm; 
fourth,  7.6  mm. 

Diciii^nosis:  Females  are  easily  recog- 
nized by  the  posterior  lateral  lobes  on  the 
abdomen  and  the  two  dark  dorsal  lines 
(Fig.  97).  The  anterior  edge  of  the  epig- 
ynum  has  a  lip  (Fig.  100)  while  that  of 
A.  trifasciata  (Figs.  68,  71)  does  not.  The 
palpus  of  the  male  (Figs.  107,  110)  has  a 
diameter  of  more  than  0.6  mm,  that  of  A. 
trifasciata  less  than  0.5  mm  (Figs.  81,  84, 
87,  90).  It  lacks  the  spur  near  the  tip  of 
the  embolus  of  A.  arg,entata. 

Habits:  The  males  mature  from  June  to 
October,  the  females  from  July  to  Novem- 
ber. The  webs  are  found  in  dry  sand  scrub 
in  longleaf  pine  and  oak-pine  flat  woods 
in  Florida.  There  are  four  stabilimenta  in 
form  of  a  cross  ( Plate  II )  as  in  A.  ar^cntata. 

Distribution:  From  North  Carolina,  Ala- 
bama, to  southern  Florida   (Map  4). 


Map  4.     Distribution  of  Argiope  tlorida  Chamberlin  and   Ivie. 


Argiope  argentafa   (Fabricius) 
Silver  Argiope 

Plate  I;  Figures  42,  73,  1 1 2-1 36;  Map  5 

Aranea  argentata  Fabricius,  1775,  Systema  En- 
tomologiae,  p.  433.  "Habitat  in  Indiis,"  type 
specimens  lost.  Martini  and  Goeze,  1778,  in 
D.  M.  Lister,  Naturgeschichtc  der  Spinnen, 
p.  248,  "Indianische  Silberspinne"  [American 
Indian  silver  spider].  Fabricius,  1781,  Species 
Inscctorum  exhibentes  eoruni  differentias  auc- 
torum,  2:  539,  "Indiis."  Gmelin,  17S9,  C.  A. 
Linne.  Systema  Naturae,  1  (5):  2953,  "Habi- 
tat America  australi  insulique  obversis  et  India." 
Olivier,  1789,  Araignees  in  Encycl.  Meth.  Hist. 
Natur.  Ins.,  Paris,  4:  234,  "Elle  se  trouve  anx 
Indcs  nrientales."  Fabricius,  1793,  Entomologia 
Systematica  emendata,  2:  414,  "Habitat  in 
India." 

Aranea  manuuata  De  Geer,  1778,  Mem.  Hist.  In- 
sectes,  7:  318,  pi.  39,  fig.  5.  Specimens  from 
Pennsylvania  [prob.  an  error]  and  figured  by 
Sloane  from  Jamaica. 

Argyopes  argentata, — C.  L.  Koch,  1839,  Die 
Arachniden,  5:  38,  pi.  361,  from  "Siidamerika"; 
Holmberg,   1876,  An.  Agr.  Argentina,  4:   112. 

Argyopes  fenestrinus  C.  L.  Koch,  1939,  ibid.,  5:  39, 
fig.  361.    Holotype  from  South  America. 

Epeira  amictoria  Walckenaer,  1841,  Histoire  Nat- 
urelle  des  Insectes,  Apteres,  2:  119.  Holotype 
from  Rio  de  Janeiro,  Brazil. 

Plectana  sloanii  Walckenaer,  1841,  ibid.,  2:  2()(). 
Name  for  a  figure  bv  Sloane,  History  of  Jamaica, 
pi.  235,  fig.  3. 

Argyopes  hirtiis  Taczanowski,  1879,  Horae  Soc. 
Entomol.  Rossicae,  15:  103,  pi.  1,  fig.  23,  ?. 
Female  syntypes  from  Lima,  Chorillas  and  Cal- 
lao,  Peru.  Female  lectotype  from  Lima,  Peru, 
here  designated  in  the  PoHsh  Academy  of  Sci- 
ences, Warsaw,  examined.    NEW  SYNONYMY. 

Argyopes  maronictis  Taczanowski,  1873,  Horae 
Soc.  Entomol.  Rossicae,  9:  261.  Female  holo- 
type from  St.  Laurent  de  Maroni,  French 
Guiana,  in  the  Polish  Academy  of  Sciences, 
Warsaw. 

Argyopes  subtilis  Taczanowski,  1873,  ibid.,  9:  261. 
Female  syntypes  from  Cayenne,  French  Guiana, 
in  the  Polish  Academy  of  Sciences,  Warsaw. 

Argiope  argentata. — McCook,  1893,  American 
Spiders,  3:  220,  pi.  16  (in  part),  fig.  1  (in  part), 
2.  Bonnet,  1955,  Bibliographia  Arancorum,  2: 
673.  Levi  and  Levi,  Spiders  and  their  Kin, 
p.  69  ( in  press ) . 

Argiope  waiiglii  Simon.  1897,  Act.  Soc.  Sci.  Chili, 
6:  105.  No  specimens  with  this  name  coultl  he 
found  in  the  Simon  collection  (M.  Vachon  in 
letter).    NEW  SYNONYMY. 

Argyope  argentata, — F.  P.-Cambridge,  1903,  Biol- 
ogia  Centrali- Americana,  Araneidea,  2:   450,  pi. 
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42,  figs.  25,  26,  9  i  ■  Roewer,  1942,  Katalog 
der  Araneae,  1:  744. 

Argiope  sxihmawnica  Strand,  1915,  Arch.  Natiir- 
gesch.  81 A  (9):  105.  Female  liolotype  from 
"Joinville,  Sta.  Catherina,  Brasilien,"  depository 
unknown.  This  name  was  first  synonymized 
with  A.  (irgcntata  liy  Bonnet. 

Gca  panamcmis  Cliamberlin,  1916,  Bull  Mus. 
Comp.  ZooL,  60:  243,  pi.  19,  fig.  8.  Male  holo- 
type  from  Panama  in  the  Museum  of  Compara- 
tive   Zoology,    examined.      NEW    SYNONYMY. 

Argiope  filiargentata  Kingston,  19.32,  A  Naturalist 
in  the  Guiana  Forest,  pp.  132,  372.  Trinidad. 
Hingston  neither  kept  his  specimens  nor  desig- 
nated types.  All  his  specimens  seem  to  be  juve- 
nile A.  (irgcntata.    NEW  SYNONYMY. 

Argiope  ctiytinii  Hingston,  1932,  ibid.,  pp.  133, 
.373.  Cuvuni  River,  British  Guiana  (see  above). 
NEW  SYNONYMY. 

ArgidiH'  fiJiiufracta  Hingston,  1932,  ibid.,  p.  .373. 
Trinidad    (see  above).     NEW   SYNONYMY. 

Argiope  argyrea  Badcock,  1932,  J.  Linnean  Soc. 
London,  p.  17.  Female  holotype  from  Nanahua, 
Paraguay,  in  the  British  Museum,  examined  by 
D.  f.  Clark.    NEW  SYNONYMY. 

Argiope  indistincta  Mello-Leitao,  1944,  Rev.  Mus. 
La  Plata,  (N.S.)  3:  328.  Male  holotype  from 
Rosas  Costa,  Prov.  Buenos  Aires,  in  the  Museo 
de  la  Plata,   examined.    NEW   SYNONYMY. 

Note:  Apparently  the  Fabricius  type 
loeality  wa.s  understood  to  be  America  by 
mo.st  of  his  contemporaries,  although  this 
is  not  at  all  clear.  Considering  that  for 
more  than  150  years  the  name  has  been 
used  for  the  common  tropical  American 
species,  this  is  of  academic  interest  only. 

Hingston's  diagrammatic  illustrations  of 
the  web  of  juvenile  Arii,iopc  ariienfota  (to 
all  of  which  he  gave  new  names),  have  un- 
fortunately been  reproduced  in  numcM'ous 
books  including  Crasse,  P.,  edit.,  1949, 
Traife  de  Zoolo^ie,  6:  692. 

Description.  Male  specimen  described  is 
from  St.  Croix,  British  West  Indies.    (Cara- 


pace yellow-white  with  two  indistinct  longi- 
tudinal brownish  bands  going  from  each 
side  of  eye  region,  posteriorly,  about  their 
width  apart.  Sternum  yellowish  white  \\'ith 
two  longitudinal  brown  bands,  their  width 
apart,  a  white  pigment  spot  at  the  base  of 
each  coxa.  Legs  with  brown  bands  slightly 
wider  than  intermediate  area.  Abdomen 
in  alcohol,  dorsum  whitish  with  two  paral- 
lel longitudinal  dark  bands,  their  outlines 
black  (Fig.  128).  Venter  sometimes  with 
dark  pigment,  generally  light  with  two 
parallel  white  lines  enclosing  but  touching 
a  pair  of  white  spots  in  the  middle.  An- 
terior median  eyes  one  diameter  apart, 
three-quarters  diameter  from  laterals.  Pos- 
terior median  eyes  one  and  one-half  diam- 
eters apart,  two  diameters  from  laterals. 
The  abdomen  of  the  male  is  shield-shaped, 
pointed  behind;  there  are  no  tubercles  ( Fig. 
128).  Total  length  4.0  mm.  Carapace  2.4 
mm  long,  2.0  mm  wide.  First  femur,  2.7 
mm;  patella  and  tibia,  3.0  mm;  metatarsus, 
2.7  mm;  tarsus,  1.2  mm.  Second  patella  and 
tibia,  2.5  mm;  third,  1.5  mm;  fourth,  2.1 
mm. 

Female  from  the  West  Indies.  Carapace 
covered  completely  with  white  scales  that 
are  silver  in  living  specimens.  Sternum 
brown  with  a  median  white  line.  Legs  with 
dark  bands.  Abdomen  in  alcohol,  anterior 
white,  posterior  with  a  dark  pattern  con- 
taining white  spots  (Fig.  126).  In  living 
specimens,  mostly  silver.  Venter  with  a 
transverse  white  bar  which  has  a  width  al- 
most one-third  length  of  distance  between 
spinnerets  and  epigynum;  otherwise  black, 
except  lateral  tubercles  whose  venter  is 
white.  Anterior  median  eyes  one  and  one- 
half  diameters  apart,  posterior  median  e\es 


Argiope  blanda  O.  P. -Cambridge.  Figs.  137-147.  Female.  137.  Carapace.  138.  Eyes  and  chelicerae.  139.  First  left 
coxa  and  trochanter.  140-143.  Epigynum.  140.  Lateral  view.  141.  Dorsal  view.  142.  Posterior  view.  143.  Ventral 
view.  144-147.  Abdomen.  144.  Venter.  145.  Dorsum,  pattern.  146.  Lateral  view.  147.  Dorsum.  Figs.  148-153.  Male. 
148.  Carapace  and  abdomen.  149-151.  Left  palpus.  149.  Mesal  view.  150.  Ventral  view.  151.  Ectal  view.  152- 
153.      Right    tip    of    embolus. 

Argiope  savignyi  new  species.  Figs.  154-161.  Female.  154.  Carapace.  155.  Eyes  and  chelicerae.  156-159.  Epigy- 
num. 156.  Dorsal  view.  157.  Lateral  view.  158.  Ventral  view.  159.  Posterior  view.  160.  Abdomen  venter.  161.  Ab- 
domen dorsum.  Figs.  162-169.  Male.  162.  Eyes,  chelicerae  and  palpus.  163.  Carapace  and  chelicera.  164.  Cara- 
pace.    165-167.     Palpus.     165.     Mesal   view.      166.     Ventral   view.     167.     Ectal    view.      168-169.     Tip   of    embolus. 
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less  than  two  diameters  apart.  Lateral  eyes 
on  higher  humps  than  other  species.  Ab- 
domen with  tubercles  around  posterior 
margin  (Figs.  125,  126).  Total  length  12 
mm.  Carapace  5.7  mm  long,  4.6  mm  wide. 
First  femur,  6.5  mm;  patella  and  tibia,  9.1 
mm;  metatarsus,  8.9  mm;  tarsus,  1.7  mm. 
Second  patella  and  tibia,  7.5  mm;  third, 
5.2  mm;  fourth,  7.5  mm. 

Variation.  There  is  relatively  little  vari- 
ation in  size  among  females  of  this  species. 

Diaii,no.sis.  The  small  projection  or  curl 
near  the  tip  of  the  embolus  ( Figs.  130-133, 
135-136)  is  diagnostic  for  this  species  and 
is  not  found  in  any  other  Argiope  known  to 
me.  Females  may  be  difficult  to  separate 
from  A.  hJanda.  However,  Mexican  and 
Central  American  specimens  of  A.  argen- 
tata  have  the  posterior  face  of  the  epigy- 
num  with  a  depression  on  each  side  ( Fig. 
122),  while  the  posterior  face  of  the  epig- 
ynum  of  A.  hlanda  is  narrower  and  lacks 
the  depressions.  The  frequent  presence  of 
the  broken  off,  easily  identified  male  em- 
bolus tip  in  the  female  epigynum  facilitates 
the  identification  of  females. 

Habits.  Adult  males  have  been  collected 
in  February  and  March  and  also  in  June  in 
Florida.  The  only  months  for  which  there 
are  no  records  of  adult  females  are  Sep- 
tember and  October,  but  this  may  reflect 
the  lack  of  collecting  at  this  season  in  Flor- 
ida. It  is  possible  that  unlike  the  temperate 
species  which  have  only  one  generation  a 
year,  A.  argentata  may  ha\'e  several. 

Argiope  argentata  is  found  around  houses 
and  in  gardens,  in  great  abundance  at  the 
southern  tip  of  Florida.  Its  distribution  ap- 
pears to  be  limited  by  low  temperatures 
rather  than  b\'  unsuitable  habitat,  hi  the 
desert  of  eastern  Peru  it  is  found  in  shrubs 
along  irrigation  ditches  of  stream  valleys; 
in  the  dr\'  areas  ol  western  Argentina  it 
occurs  in  more  moist  habitats  that  provide 
suital^le  shrubs  for  large  orb  webs. 

The  web  ol  the  adult  A.  argentata  has 
four  zig/ag  stabilimenta  fonning  a  cross, 
the  bands  going  to  each  corner.  None  ol 
the  weirs  of  the  adult  A.  anient  a  la   that    1 


have  seen  in  southern  South  America  had 
a  complete  stabilimentum;  most  lacked 
them  completely.  Juveniles  have  zigzag 
bands  that  are  quite  irregular  ( Plate  I ) . 

Distribution.  Southern  Arizona,  prob- 
ably southern  California,  southern  Texas, 
southern  Florida  to  Central  Argentina, 
Provinces  Mendoza  and  Buenos  Aires.  It 
is  absent  from  Chile,  except  for  the  north- 
ernmost tip  of  the  country  (Map  5). 

Argiope  blanda  O.  P. -Cambridge 
Mexican  Argiope 

Figures  137-153;  Map  6 

Argiope  hlanda  O. P. -Cambridge,  1898,  Biologia 
Centrali-Americana,  Araneidea,  1:  267,  pi.  37, 
fig.  2,  i  .  Male  holotype  from  Santa  Ana  [20 
km  SW  of  Coban]  Guatemala,  in  the  British 
Museum,  not  examined.  F.P.-Camhridge,  1903, 
ihid.,   2,  451,  pi.  43,  fig.    1,    <^  . 

Description.  Male.  Carapace  yellow- 
brown,  some  black  pigment  on  each  side. 
Sternum  Ncllow-brown,  black  on  each  side, 
and  a  white  pigment  spot  between  last 
coxae.  Legs  with  scattered  black  pigment. 
Dorsum  of  abdomen  with  white  pigment 
and  indistinct  median  darker  foliate  pat- 
tern (Fig.  14<S).  Venter  black  with  two 
longitudinal  lines  not  very  distinct,  closer 
together,  anteriorly.  Anterior  median  eyes 
one  diameter  apart,  about  one  radius  from 
laterals.  Posterior  eyes  about  two  diam- 
eters apart.  Total  lengtli  3.4  mm.  Cara- 
pace 1.7  mm  long,  1.4  mm  wide.  First 
femur,  1.6  mm;  patella  and  tibia,  2.1  mm; 
metatarsus,  1.7  mm;  tarsus,  O.S  mm.  Sec- 
ond patella  and  tibia,  1.5  mm;  third.  1.0 
mm;  fourth,  1.6  mm. 

Female.  C'arapace  xellow-brown  coxered 
b\'  white  scales.  Stennnn  black  with  a 
white  spot  between  the  4th  coxae  (Fig. 
144),  legs  indistinctl\-  banded.  Anterior 
half  of  dorsum  of  abdomc^n  white,  posterior 
mostly  dark  (Fig.  145).  Venter  black  with 
a  wide  transxiMse  white  band.  From  the 
lateral  ends  ol  the  whitc>  band,  two  median 
lines  pass  anteriorK'  towards  the  epigxnum. 
Anterior  median  eyes  one  diameter  apart, 
one  and  ()n(>-half  diainetcrs  from  laterals. 
I'osterior    median    e\cs    almost    two    diam- 
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Map  5.     Distribution  of  Argiope  argenlata  (Fabricius). 
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eters  apart,  three  diameters  from  laterals. 
The  abdomen  has  posterior  lateral  tuber- 
cles and  also  a  very  distinct  median  dorsal 
tubercle  (Figs.  145-147).  Range  of  size 
of  female  9-14  mm.  Measurements  of  one 
specimen,  total  length  10  mm.  Carapace 
4.2  mm  long,  3.2  mm  wide.  First  femur, 
5.9  mm;  patella  and  tibia,  6.4  mm;  meta- 
tarsus, 6.0  mm;  tarsus,  l.S  mm.  Second  pa- 
tella and  tibia,  6.3  mm;  third,  3.6  mm; 
fourth,  5.5  mm. 

Diaiinosis.  The  large  thorn  at  the  base  of 
the  embolus  of  the  palpus  is  diagnostic 
( Figs.  149-151 )  and  not  found  in  other 
species.  The  epigynum  of  the  female  is 
very  much  like  that  of  A.  arg,entata  but  the 
posterior  face  of  the  epigynum  ( Fig.  142 ) 
is  narrower,  domed,  and  lacks  depressions. 
To  separate  females,  broken-off  embolus 
tips  usually  found  in  the  epigvnum  are  use- 
ful. 

Distribution.  From  southern  Texas  to 
Costa  Rica   (Map  6). 

Argiope  savignyi  new  species 
Savigny's  Argiope 
Figures  154—169;  Map  6 

Holotype.  Male  from  Barro  Colorado 
Island,  Panama  Canal  Zone,  14-1(S  Jan. 
1958,  collected  by  A.  M.  Chickering,  in  the 
Museum  of  Comparative  Zoology. 

Description.  Male.  Area  between  eyes 
light.  Eyes  on  black  spots.  C'arapace  other- 
wise dark  bluish  brown  to  black  with  a 
median  light  band  which  widens  in  the 
middle  to  wider  than  eye  area  and  narrow  s 
anteriorly  toward  the  posterior  median  eyes. 
Sternum  light  with  a  posterior  narrow 
longitudinal  white  stripe  and  a  black  mark 
on  each  side  anteriorly.  Coxae  and  other 
leg  segments  dark  bluish  brown  to  black 
w  ith  joroximal  third  of  third  femora  and  .sec- 
ond tibiae  and  also  metatarsi  and  tarsi  light. 
Palpi  light  except  c\inbium,  which  is  brow  n. 
Dorsmn  ol  abdomen  with  hea\\  white  pig- 
ment. \'enter  of  abdomen  black  with  a 
bracket-shaped  white  mark  on  each  side 
and  a  small  while  spot  on  each  side  ol  spin- 
nerets. Anterior  e\'e  row  straight  as  seen  iroin 


front,  posterior  eye  row  procurved  as  seen 
from  above.  Ocular  quadrangle  longer  than 
wide,  wider  behind.  Anterior  lateral  eyes 
half  the  diameter  of  anterior  medians,  pos- 
terior median  eyes  twice  the  diameter  of 
anterior  medians,  posterior  lateral  eyes  0.8 
diameter  of  anterior  medians.  Anterior  me- 
dian eyes  a  little  more  than  their  diameter 
apart,  same  distance  from  laterals.  Poste- 
rior median  eyes  one  and  one-half  diameters 
apart,  one  and  one-c^uarter  diameters  from 
laterals.  Total  length  3.4  mm.  Carapace 
2.1  mm  long,  1.6  mm  wide.  First  femur, 
2.4  mm;  patella  and  tibia,  2.4  mm;  meta- 
tarsus, 2.1  mm;  tarsus,  1.2  mm.  Second 
patella  and  tibia,  2.3  mm;  third,  1.2  mm; 
fourth,  1.9  mm. 

Female.  Carapace  brown,  but  covered 
with  white,  silky  hairs.  Sternum  black  with 
a  wide,  white  median  longitudinal  band 
having  some  radiating  white  lines.  Legs 
black.  Dorsum  of  abdomc^n  with  heavy 
white  pigment  anteriorly  and  very  few  sil- 
very hairs,  posterior  black  (Fig.  161);  ven- 
ter black  except  for  white  marks  shown  in 
Figure  160.  There  is  no  continuous  trans- 
verse white  band  on  \enter.  Posterior  eye 
row  procurxed,  ocular  quadrangle  longer 
than  wide,  wider  behind.  Anterior  lateral 
eyes  smaller  than  others,  the  others  about 
equal  in  size,  lateral  eyes  on  tubercles.  An- 
terior median  eyes  one  diameter  apart,  pos- 
terior median  e\c's  one  and  one-half  diame- 
ters apart.  The  abdomen  is  similar  in  shape 
to  that  of  Argiope  argentata,  but  the  lateral 
tubercles  seem  more  pointed.  Total  length 
14  mm.  Carapace  4.6  mm  long,  4.2  mm 
wide.  Measurements  of  first  leg  ( which  is 
broken  off  and  might  possibK  be  the  sec- 
ond leg):  femur,  8.4  mm;  patelhi  and  tibia, 
9.0  uini;  metatarsus.  9.1  mm;  tarsus,  2.1 
mm.    Third  patella  and  tibia,  4.9  mm. 

Diagnosis.  The  different  color  (Fig.  161), 
black  where  ArgiojX'  argentatii  is  brown, 
the  white  dorsum  ot  the  abdomen  with 
sj)arsc\  sil\c>ry  haii-  and  hea\\-  i)igment,  and 
also  the  posterior  swollen  tiansverse  section 
ol  tlu>  epigynum  (Figs.  158,  159)  separate 
the  Icuialcs  rcadiK    Iroiii  those  of  .A.  anien- 
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Map  6.  Distribution  of  Argiope  blanda  O.  P. -Cambridge 
and  A.  savignyi  new  species. 

tata.  The  epigynum,  like  that  of  no  related 
species,  is  filled  with  exudate  after  mating 
that  clings  to  the  broken-off  embolus  tip 
(Figs.  168,  169).  The  male  differs  from  A. 
argentata  also  by  the  more  contrasting  col- 
ors and  by  lacking  the  fork  at  the  tip  of 
the  embolus  of  the  palpus  ( Figs.  166- 
169)1. 

Distribution.  Costa  Rica,  British  Guiana, 
to  northern  Bolivia  ( Map  6 ) . 

Records.  Costa  Rica,  Puerto  Viejo,  Sara- 
piqui,  20  Jan.  1959,  (S.  M.  Le  Roi  Leopold 
III,  Brussels  Museum).   Panama.   Bocas  del 

^  The  stabilimentum  of  the  A.  savignyi  web  is  in 
form  of  a  cross.  But  as  in  A.  argentata  from  Barro 
Colorado  Ishmd,  it  is  rarely  complete,  sometimes  a 
diagonal  line,  or  just  one  or  two  bottom  branches. 
The  silk  deposited  on  the  stabilimenta  may  be 
more  dense  than  that  of  A.  argentata  ( M.  H.  Rob- 
inson, in  letter,  1968). 


Toro;  Boquete  4-11  Aug.  1950,  9  paratype 
(A.  M.  Chickering,  Mus.  Comp.  Zool.); 
Gamboa,  Aug.-Sept.  1954,  9  paratype,  (W. 
Lundy,  Amer.  Mus. ) ;  4.(S  km  SW  of  Arraijan, 
Sept.  1945  (C.  D.  Michener,  Amer.  Mus.). 
Panama  Canal  Zone,  Barro  Colorado  Isl. 
Old  Plantation,  14  July  1954,  9  paratype 
(A.  M.  Chickering,  Mus.  Comp.  Zool.), 
Barro  Colorado  Island,  July  1954,  para- 
types  (Paris  Museum),  (A.  M.  Chicker- 
ing), (N.  Banks,  Mus.  Comp.  Zool.),  (11.  F. 
Schwarz,  Amer.  Mus.),  Gamboa,  Aug.- 
Sept.  1954,  9  paratype,  (W.  Lundy,  Amer. 
Mus.),  France  Field,  i  paratypes  (A.  M. 
Chickering).  Venezuela:  Caripito  (W. 
Beebe,  Amer.  Mus.).  Rritish  Guiana.  Kar- 
tabo  (Amer.  Mus.);  Kamakusa,  Feb.  1923 
(Lang,  La  Varce,  Amer.  Mus.).  Bolivia. 
Cashuela  Esperanza,  Prov.  Vaca  Diez,  9, 
10-11  April  1922  (J.  H.  Williamson,  Mus. 
Comp.  Zool.). 
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LICHOMOLGID  COPEPODS   (CYCLOPOIDA)   ASSOCIATED 
WITH  CORALS  IN  MADAGASCAR 


ARTHUR  G.  HUMES"  AND  JU-SHEY  HO' 


INTRODUCTION 

Seven  species  of  lichomolgid  copepods 
are  known  to  be  associated  with  madre- 
porarian  corals  in  the  region  of  Nosy  Be, 
Madagascar.  These  are  Lichomolgiis  acti- 
nophoius\  Lichomolgiis  compositus,  and 
Monomolgus  uniluistatus,  all  described  by 
Humes  and  Frost  ( 1964 ) ;  Kombia  angulata 
Humes,  1962  (see  below  for  a  discussion 
of  its  famihal  position);  and  Monomolgus 
psommocome,  Rhynchomolgus  corallophi- 
lus\  and  Lichomolgiis  rhadimis,  all  de- 
scribed by  Humes  and  Ho  (1967a).  This 
paper  deals  with  seven  new  species  of 
Lichomolgiis  and  three  new  lichomolgid 
genera,  each  with  a  single  new  species,  col- 
lected from  corals  at  Nosy  Be  in  1960  and 
196.3-64. 

All  collections  were  made  by  A.  G. 
Humes,  those  in  1960  during  an  expedition 
sponsored  by  the  Academy  of  Natural  Sci- 
ences of  Philadelphia,  and  those  in  1963- 
64  as  part  of  the  U.S.  Program  in  Biology 
of  the  International  Indian  Ocean  Expedi- 
tion. Type  material  has  been  deposited  in 
the  United  States  National  Museum.  Other 
specimens  of  certain  species  have  been 
placed  in  the  Museum  of  Comparative 
Zoology. 

The  study  of  the  specimens  has  been 
aided  by  grants    (GB-1809  and  GB-5838) 

^  Boston  University,  Boston,  Massachusetts. 
-  Associate  in   Marine  Invertebrates,   Museum  of 
Comparative  Zoology. 


from  the  National  Science  Foundation  of 
the  United  States. 

All  figures  have  been  drawn  with  the 
aid  of  a  camera  lucida.  The  letter  after  the 
explanation  of  each  figure  refers  to  the 
scale  at  which  it  was  drawn. 

The  measurement  of  the  length  of  the 
body  has  been  made  in  all  cases  from 
specimens  in  lactic  acid  and  does  not  in- 
clude the  setae  on  the  caudal  rami.  In 
the  spine  and  setal  formulas  of  legs  1-4 
the  Roman  numerals  indicate  spines  and 
the  Arabic  numerals  represent  setae.  The 
lengths  of  the  segments  of  the  first  antenna 
have  been  measured  along  their  posterior 
non-setiferous  margins. 

The  abbreviations  used  are:  Ai=  first 
antenna,  A^  =  second  antenna,  MD  =  man- 
dible, P  =  paragnath,  MXi  =  first  maxilla, 
MXi  =  second  maxilla,  MXPD  =  maxilli- 
ped,  and  Pi  =  leg  1. 

We  are  greatly  indebted  to  Dr.  Donald 
F.  Squires  of  the  United  States  National 
Museum  for  the  identification  of  the  corals 
collected  in  1960,  and  to  Dr.  Michel  Pichon, 
then  at  the  Centre  d'Oceanographie  et  des 
Peches  at  Nosy  Be,  for  the  determinations 
of  those  collected  in  1963-64. 

The  new  copepods  described  in  this 
paper  comprise  the  following: 

1)  Lichomolgiis  campiilus  n.  sp. 

from  Alveopora  sp. 

2)  Lichomolgiis  digitatiis  n.  sp. 

from  Goniopora  sp. 
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3)  IJchomoliius  prolixipes  n.  sp. 

from  Poritcs  sp.  cf.  P.  andrewsi 
Vaiighan,  Pontes  sp.  cf.  P.  /i/iircs- 
cens  Dana,  and  Porites  ( s.  g.  Syn- 
araea)  sp. 

4)  Lichomolgus  cucuatipes  n.  sp. 

from  Acropoia  palifcra  (Lamarck) 

5)  Lichomolgus  lobophonis  n.  sp. 

from  Acwpora  scherzeriana  Bru- 
eggemann,  Acropoia  sp.,  and  Acio- 
pora  cythcrca  Dana 

6)  Lichomolgus  geminus  n.  sp. 

from  Stylophora  pisfillato  (Esper), 
Sfylopliora  tnoidax  (Dana),  and 
Acwpora  sp. 

7)  Lichomolgus  crassus  n.  sp. 

from  Sfylopliora  pistillata  (Esper), 
Stylophora  morclax  (Dana),  and 
Acropora  sp. 

8)  Prionomolgus  lanceolatus  n.  gen.,  n. 

sp.  from  Pachyscris  speciosa 
( Dana ) 

9)  Ilaplomolgus  montiporae  n.  gen.,  n. 

sp.  from  Mon1i))ora  sinensis  Ber- 
nard, M(^ntipora  sp.,  and  Monti- 
pora  sp.  cf.  M.  .sicUata  Bernard 

10)   Ravahina  tumicla  n.  gen.,  n.  sp. 

from  Porites  sp.  cf.  P.  andrewsi 
Vaughan 

The   following   represent   new   host   rec- 
ords : 

1)  Lichomolgus    actinophorus     Humes 

and  Frost,  1964,  from  Pacona 
danai  (M.  Edwards  and  Ilaime), 
Pavona  ?  venusta  (Dana),  and 
Pavona  danai  or  P.  angularis 
(Klun/inger) 

2)  Lichomolgus  compositus  Humes  and 

I^^rost,  1964,  from  Seriatopora  oe- 
loptera  Ehrenberg  and  Seriatopora 
sp. 

3)  Mommiolgus      unUui.status      flumes 

and  Frost,  1964,  from  Porites  sp. 
ef.  P.  nigrescens  Dana 

4)  Komhia  angidata  Humes,  1962. 

from  Poritcs  (s.  g.  Synaraea)  sp., 
Porites  (young  colony),  and  Pori- 
tes sp.  cf.  P.  nigrescens  Dana 


SYSTEMATIC   DESCRIPTION 

LICHOMOLGIDAE   Kossmann,   1877 
LICHOMOLGUS  Thorell,    1860  j 

Lichomolgus   campulus   n.   sp. 
Figs.    1-24 

Type  material. — 31  females,  32  males,  | 
and  2  copepodids  from  Alveopora  sp.  in  a 
depth  of  3.5  m.  Nosy  N'Tangam,  on  the 
western  side  of  Nosy  Be,  Madagascar.  Col- 
lected October  23,  1964.  Holotype  female, 
allotype,  and  50  paratypes  ( 25  females  and 
25  males)  deposited  in  the  United  States 
National  Museum,  Washington;  the  re- 
maining paratypes  in  the  collection  of 
A.  G.  Humes. 

Female. — Body  (Fig.  1)  moderately 
slender.  Length  1.21  mm  (1.15-1.26  mm) 
and  greatest  width  0.45  mm  (0.43-0.47 
mm),  based  on  10  specimens.  Ratio  of 
length  to  width  of  prosome  1.63:1.  Epi- 
meral  areas  of  metasomal  segments  formed 
as  in  figure. 

Segment  of  leg  5  (Fig.  2)  65x200  /x. 
Between  this  segment  and  genital  segment 
a  short  weak  ventral  intersegmental  scler- 
ite.  Genital  segment  broadened  anteriorly 
and  narrowed  posteriorly,  with  slight  lateral 
indentations,  wider  than  long,  its  greatest 
dimensions  being  ISO  X  224  /x.  Areas  of 
attachment  of  egg  sacs  located  dorsally, 
each  area  ( Fig.  3 )  with  two  small  setae  6 
and  10  n  long  with  a  spinelike  process  be- 
tween them.  Three  postgenital  segments 
86  X  107,  70  X  92,  and  78  X  83  /.  from  an- 
terior to  posterior.  Anal  segment  with  a 
row  of  minute  spinules  along  its  postero- 
ventral   margin  on  each  side. 

Caudal  ramus  (  Fig.  4 )  elongated,  105  X 
33  /x,  about  3.2  times  longer  than  wide. 
Outer  lateral  seta  64  /x,  outermost  terminal 
seta  45  /x,  innermost  terminal  seta  62  /*. 
Two  long  median  terminal  setae  260  /i 
(inner)  and  150  /i  (outer).  Dorsal  pedi- 
cellate seta  58  //.  All  setae  naked.  Dorsal 
surlace  ol   ramus  with  a  few  minute  hairs. 

Dorsal  surface  of  prosome  and  urosome 
with    a    lew    minute   hairs   as    in    Figurc>    1; 
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ventral  surface  of  urosome  almost  entirely 
lacking  ornamentation.  Ratio  of  length  of 
prosome  to  that  of  urosome  1.59:1. 

Egg  sac  unknown. 

Rostral  area  ( Fig.  5 )  poorly  developed, 
without   a   definite   posteroventral   margin. 

First  antenna  (Fig.  6)  slender,  370  ^ 
long,  and  7-segmented,  with  a  sclerite  on 
third  segment  suggesting  an  intercalary 
segment.  Lengths  of  segments:  33  (78  /a 
along  anterior  margin),  133,  32,  43,  39,  28, 
and  19  ^u,  respectively.  Formula  for  arma- 
ture: 4,  13  (5  +  2  +  6),  6,  3,  4  +  1  aesthete, 
2+1  aesthete,  and  7  +  1  aesthete,  as  in 
many  other  species  of  Lichomoh^us.  All 
setae   naked. 

Second  antenna  (Fig.  7)  slender  and 
4-segmented.  Penultimate  segment  60  ^ 
along  outer  edge,  last  segment  39  ix  along 
outer  edge  and  20  jx  along  inner  edge.  Arma- 
ture: 1,  1,  3,  I.  All  setae  small  and  naked; 
terminal  claw  41  /x  along  its  axis  and  rather 
sinuous. 

Labrum  ( Fig.  8 )  with  two  posteroven- 
tral lobes. 

Mandible  ( Fig.  9 )  with  proximal  region 
separated  into  two  parts  by  a  constriction. 
Region  beyond  constriction  having  on  its 
convex  side  a  row  of  small  spinules  and 
a  prominent  elongated  posteriorly  directed 
process;  on  its  concave  side  two  lobes  each 
with  a  row  of  larger  spinules.  Flagellum 
elongated  with  lateral  spinules.  Paragnath 
(Fig.  10)  a  small  lobe  with  a  few  hairs. 
First  maxilla  (Fig.  11)  with  three  terminal 
elements,  two  of  them  broad  and  hyaline. 
Second  maxilla  (Fig.  12)  2-segmented. 
First  segment  large  and  unornamented. 
Second  segment  small,  having  proximally 
on  its  outer  ( ventral )  margin  a  minute  set- 
ule  only  1.5  ^i  long  followed  by  a  naked 
seta  and  on  its  inner  (dorsal)  margin  a 
barbed  seta;  terminal  lash  with  a  row  of 
prominent  spinules.  Maxilliped  (Fig.  13) 
moderately  slender  and  3-segmented;  first 
segment  unarmed,  second  with  two  very 
unequal  inner  naked  setae,  and  third  with 
a  naked  seta  and  a  barbed  seta,  and  termi- 
nating in  a  spiniform  process  with  lateral 


spinules  which  bears  a  small  setiform  ele- 
ment on  its  outer  surface. 

Area  between  maxillipeds  and  first  pair 
of  legs  (Fig.  5)  not  protuberant;  a  sclero- 
tized  line  between  bases  of  maxillipeds. 

Legs  1-4  (Figs.  14,  15,  16,  and  17)  with 
trimerous  rami,  except  for  endopod  of  leg 
4  which  is  2-segmented.  Armature  as  fol- 
lows: 

P,      protopod   0-1;  1-0        fxp   I-O;   I-l;  111,  I,  4 

end  0-1;  0-1;  I,  .5 
P.     protopod   0-1;  1-0       fxp  I-O;  I-l;  III,  I,  5 

end  0-1;  0-2;  I,  11,3 
P;      protopod   0-1;  1-0        exp  I-O;  I-l;  III,  I,  5 

end  0-1;  0-2;  I,  II,  2 
P,     protopod  0-1;  1-0       exp  I-O;  I-l;  II,  I,  5 

end  0-1;  II 

Inner  seta  on  coxa  of  leg  4  somewhat 
smaller  than  in  legs  1-3,  with  shorter  lat- 
eral hairs.  Hairs  on  inner  margin  of  basis 
present  in  legs  1-3  but  absent  in  leg  4. 
Endopod  of  leg  4  (Fig.  17)  with  hairs  along 
outer  margins  of  both  segments.  First  seg- 
ment 22  X  23  IX,  its  plumose  inner  seta  39  fx 
long.  Second  segment  somewhat  bottle- 
shaped,  35  X  20  ^  in  greatest  dimensions, 
with  two  terminal  unequal  barbed  spines 
13  jx  (outer)  and  36  fx  (inner)  in  length. 

Leg  5  ( Fig.  IS )  with  an  elongated  free 
segment,  34  X  13  /x,  without  a  basal  expan- 
sion. Two  terminal  naked  setae,  outer  33 
IX,  inner  36  /x,  long.  Seta  on  body  near  free 
segment  44  /x  and  naked. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  (see  Fig- 
ure 3). 

Color  in  life  in  transmitted  light  slightly 
opaque,  eye  red. 

Male. — Body  (Fig.  19)  moderately  slen- 
der as  in  female.  Length  1.11  mm  ( 1.04- 
1.17  mm)  and  greatest  width  0.39  mm 
(0.38-0.40  mm),  based  on  10  specimens. 
Ratio  of  length  to  width  of  prosome  1.40:1. 

Segment  of  leg  5  (Fig.  20)  36  X  169  ii 
ventralK',  52  x  169  ix  dorsally.  Between  this 
segment  and  genital  segment  no  ventral 
intersegmental  sclerite.  Genital  segment 
rather  quadrate  in  dorsal  view,  208  x  242 
/x,  \\ader  than  long.    Four  postgenital  seg- 
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ments  43  X  84,  46  X  80,  39  X  70,  and  66  x 
73  IX  from  anterior  to  posterior. 

Caudal  ramus  resembling  that  of  female, 
though  smaller,  90  X  28  jx. 

Dorsal  and  ventral  surfaces  of  body  orna- 
mented with  a  few  minute  hairs  as  in  fe- 
male. Ratio  of  length  of  prosome  to  that 
of  urosome  1.20:1. 

Rostral  area  like  that  of  female. 

First  antenna  segmented  and  armed  as 
in  female,  but  two  aesthetes  added  on  seg- 
ment 2  and  one  on  segment  4  (their  posi- 
tions indicated  by  small  arrows  in  Figure 
6),  so  that  formula  is  4,  13  +  2  aesthetes, 
6,  3  +  1  aesthete,  4  +  1  aesthete,  2+1  aes- 
thete, and  7  +  1  aesthete.  All  aesthetes  a 
little  longer  than  in  female.  Second  an- 
tenna ( Fig.  21 )  resembling  that  of  female, 
but  inner  surface  of  second  segment  with 
short  spinelike  bosses;  third  segment  with 
a  few  similar  bosses  and  with  three  ele- 
ments, two  hyaline  and  obtuse,  the  other 
setiform. 

Labrum,  mandible,  paragnath,  first  max- 
illa, and  second  maxilla  resembling  those 
in  female.  Maxilliped  ( Fig.  22 )  slender 
and  4-segmented,  assuming  that  the  proxi- 
mal part  of  the  claw  represents  a  fourth 
segment.  First  segment  unarmed,  second 
with  two  setae  and  two  rows  of  spinules  on 
inner  surface,  third  small  and  unarmed. 
Claw  only  slightly  recurved,  151  /x  along 
its  axis  (including  terminal  lamella),  with 
faint  indication  of  division  midway;  proxi- 
mally  with  two  unequal  naked  setae,  dis- 
tal half  of  longer  one  hyaline  and  blunt. 

Area  between  maxillipeds  and  first  pair 
of  legs  as  in  female. 

Legs  1-4  as  in  female. 

Leg  5  (Fig.  2.3)  with  a  short  free  seg- 
ment, 15  X  9  /x,  its  terminal  setae  being  24 
and  33  /*  in  length. 

Leg  6  ( Fig.  24 )  consisting  of  a  postero- 
ventral  flap  on  genital  seguunt,  bearing 
two  small  naked  setae  about  20  //  long. 

Spermatophore  not  observed. 

(>ol()r  in  life  in  transmitted  light  similar 
to  female. 

Et{/ui(>h)<iy. — The   si)ecilie   name  ((ini]ni- 


lus,  from  KUjU-TTi'Aos'  =  bent,  refers  to  the  sinu- 
ous nature  of  the  claw  on  the  second  an- 
tenna. 

Comparison  uitJi  rehted  species. — The 
presence  of  a  prominent  elongated  proc- 
ess on  the  basal  part  of  the  mandible  dis- 
tinguishes this  species  from  most  other 
species  of  Lichomoh^us.  Only  six  other 
species  (among  the  seventy  or  more  de- 
scribed in  the  genus )  have  a  process  which 
is  at  all  comparable.  L.  actinophorus 
Humes  and  Frost,  1964,  has  an  elongated 
posteriorly  directed  process  on  the  man- 
dible, but  this  process  is  more  pointed  and 
dentiform  than  in  the  new  species.  Fur- 
thermore, L.  actinophorus  has  a  setiferous 
spherical  process  on  the  second  maxilla,  dis- 
tinguishing it  from  L.  campuhis.  L.  de- 
cortis  Humes  and  Frost,  1964,  has  an 
anteriorly  directed  toothlike  process  on  the 
mandible  and  the  formula  for  the  last  seg- 
ment of  the  exopod  of  leg  4  is  HI,  I,  5. 
In  L.  or(^anicus  Humes  and  Ho,  1967b,  and 
L.  conjunctus  Humes  and  Ho,  1967b,  there 
is  a  posteriorly  directed  toothlike  process 
on  the  mandible,  the  caudal  ramus  is  not 
more  than  1.5  times  longer  than  wide,  and 
there  are  two  claws  on  the  second  antenna. 
L.  protulac  Stock,  1959,  has  an  anteriorly 
directed  tooth  on  the  mandible,  greatly 
elongated  caudal  rami,  and  sexeral  claws 
on  the  second  antenna.  L.  rhadiiuis  Humes 
and  Ho,  1967a,  has  a  process  on  the  man- 
dible rather  similar  to  that  in  L.  cam})idus, 
but  the  two  species  may  readily  be  distin- 
guished. The  female  of  L.  rJutdinus  has 
an  inner  basal  expansion  on  the  elongated 
(about  5:1)  free  segment  of  leg  5  and  the 
genital  segment  is  rather  abruptly  indented 
posteriorly  on  both  sides  in  dorsal  view. 
The  niale  of  L.  rhadinus  has  a  much  shorter 
caudal  ramus  (28  X  18  fi),  its  leg  1  shows 
sexual  dimorphism  ( the  last  segment  being 
I,  I,  4  instead  of  1,  5  as  in  the  female),  and 
the  g(Mutal  segm(Mit  is  longer  than  wide, 
ill  spite  ot  these  clear  dillerences,  L.  cani- 
pidiis  seems  to  be  more  closeK'  related  to 
/..   rli(i(liiiii.s  than   to  any  oth(>r  spc>cic\s. 

There   are   eiglit   si)eeies   of    Lichoniois^us 
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in  which  the  form  of  the  mandible,  being 
unknown,  can  not  be  compared  \\'itli  that 
of  the  new  species.  (Thompson  and  A. 
Scott,  1903,  did  not  describe  the  mandible 
of  their  LicJi07no1<i,us  giiias,  but  stated,  p. 
280,  that  the  "mouth  organs  .  .  .  nearly 
resemble  L.  simplex")  All  eight,  however, 
possess  characters  which  distinguish  them 
from  L.  camptilus.  Thus,  L.  dcntipes 
Thompson  and  A.  Scott,  1903,  and  L.  ri- 
gidus  ( Ummerkutty,  1962 )  have  the  for- 
mula for  the  last  segment  of  the  exopod  of 
leg  4  as  III,  I,  5;  L.  gigas  Thompson  and 
A.  Scott,  1903,  is  much  larger  (female  2 
mm,  male  1.4  mm);  L.  longipcs  (Sewell, 
1949),  L.  roiundus  Sewell,  1949,  L.  ienui- 
cornis  Brady,  1910,  and  L.  vagans  Gurney, 
1927,  have  two  claws  on  the  last  segment 
of  the  second  antenna;  and  L.  elegans 
Thompson  and  A.  Scott,  1903,  has  the 
caudal  ramus  about  as  broad  as  long. 

Lichomologus   digitafus   n.   sp. 
Figs.   25-52 

Type  material. — 9  females,  4  males,  and 
2  immature  specimens  from  Goniopora  sp. 
in  a  depth  of  2  m,  west  of  Pte.  Mahatsinjo, 
Nosy  Be,  Madagascar.  Collected  April  10, 
1964.  Holotype  female,  allotype,  and  9 
paratypes  (7  females  and  2  males)  de- 
posited in  the  United  States  National  Mu- 
seum; the  remaining  paratypes  (dissected) 
in  the  collection  of  A.  G.  Humes. 

Female. — Body  (Fig.  25)  with  prosome 
moderately  broadened.  Length  1.89  mm 
(1.73-2.00  mm)  and  greatest  width  0.70  mm 
(0.66-0.73  mm),  based  on  9  specimens. 
Ratio  of  length  to  width  of  prosome  1.49: 
1.  Epimeral  areas  of  metasomal  segments 
as  in  figure. 

Segment  of  leg  5  (Fig.  26)  83  X  255  /x. 
Between  this  segment  and  genital  segment 
a  weak  ventral  intersegmental  sclerite. 
Genital  segment  broadened  anteriorly  and 
tapered  posteriorly,  wider  than  long,  253  X 
290  IX  in  greatest  dimensions.  Areas  of  at- 
tachment of  egg  sacs  located  dorsally,  each 
area  ( Fig.  27 )  with  two  small  setae  ( 7  and 
10  jji  long)   and  a  small  spinelike  process. 


Three  postgenital  segments  82  X  122,  55  X 
107,  and  101  x  104  /x  from  anterior  to  pos- 
terior. Spinules  on  posteroventral  margin 
of  anal  segment  very  few  in  number  and 
minute. 

Caudal  ramus  (Fig.  28)  elongated,  220  X 
36  /A,  about  6.1  times  longer  than  wide. 
Setae  relatively  short  and  naked.  Outer 
lateral  seta  33  /x,  outermost  terminal  seta 
28  /x,  innermost  terminal  seta  33  [x.  Two 
long  median  tenninal  setae  172  /i.  (inner) 
and  133  /x  (outer).  Dorsal  pedicellate  seta 
very  short,  14  /x.  Dorsal  surface  of  ramus 
with  refractile  points.  A  minute  spinule 
5  IX  long  on  proximal  outer  margin  of  ramus. 

Dorsal  surface  of  prosome  and  dorsal 
and  ventral  surfaces  of  urosome  with  scat- 
tered refractile  points  and  small  hairs  as 
in  Figure  25.  Ratio  of  length  of  prosome 
to  that  of  urosome  1.37:1. 

Egg  sac  unknown. 

Rostral  area  (Fig.  29)  weakly  developed. 

First  antenna  (Fig.  30)  slender,  390  /x 
long,  segmented  and  armed  as  in  the  pre- 
vious species.  Lengths  of  segments:  40 
(68  II  along  anterior  margin),  120,  28,  55, 
57,  39,  and  24  ix  respectively.  All  setae 
naked. 

Second  antenna  (Fig.  31)  4-segmented, 
with  two  proximal  segments  stouter  than 
in  L.  eampulus.  Penultimate  segment  66  /x 
along  outer  edge,  last  segment  44  /x  along 
outer  edge  and  31  jx  along  inner  edge.  A 
sclerotized  bar  running  diagonally  across 
outer  surface  of  last  segment.  Armatiue: 
1,  1,  3,  1  +  3  minute  setules.  All  setae  small 
and  naked;  tenninal  claw  29  /x  along  its 
axis  and  not  recurved. 

Labrum  (Fig.  32)  with  two  posteroven- 
tral lobes. 

Mandible  (Fig.  33)  more  massive  than 
in  L.  eampulus,  with  a  less  prominent  con- 
striction in  proximal  region.  On  convex 
side  a  short  row  of  spinules  (apparently 
not  always  present)  and  two  unequal  digi- 
tifonu  hyaline  processes,  followed  by  a 
long  row  of  spinules.  Concave  margin 
beyond  constriction  with  two  prominent 
lobes     armed    with    spinules.      Flagellum 
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elongated  with  lateral  spinules.  Paragnath 
(Fig.  34)  a  small  lobe  with  hairs.  First 
maxilla  ( Fig.  35 )  with  four  lamellate  ele- 
ments and  a  patch  of  minute  spinules. 
Second  maxilla  ( Fig.  36 )  2-segmented,  first 
segment  large  and  unornamented.  Second 
segment  with  a  small  setuliform  process  on 
its  proximal  outer  (ventral)  margin,  a  la- 
mellate seta  on  its  anterior  surface,  and 
a  seta  with  a  striated  membranous  lamella 
on  its  inner  (dorsal)  margin;  terminal  lash 
with  a  row  of  spinules.  Maxilliped  (Fig. 
37)  stout  and  3-segmented;  first  segment 
unarmed;  second  with  two  naked  inner 
setae  and  an  outer  patch  of  spinules;  and 
third  with  a  slender  seta,  a  spine,  and  a 
terminal   spiniform   process,   all  naked. 

Area  between  maxillipeds  and  first  pair 
of  legs  ( Fig.  38 )  not  protuberant;  sclero- 
tized  line  between  bases  of  maxillipeds. 

Legs  1-4  (Figs.  39.  40,  41,  and  42)  seg- 
mented as  in  the  previous  species,  with 
same  spine  and  setal  formula.  Leg  4  with 
inner  seta  on  coxa  naked  and  31  /x  long; 
hairs  present  on  inner  margin  of  basis.  En- 
dopod  of  leg  4  with  hairs  along  inner  mar- 
gins of  both  segments.  First  segment  34  X 
30  IX,  its  plumose  inner  seta  73  /x  long. 
Second  segment  70  X  28  /x.  in  greatest  di- 
mensions, with  its  two  terminal  unequal 
fringed  spines  37  fx  (outer)  and  74  /x  (in- 
ner)   in  length. 

Leg  5  (Fig.  43)  with  a  moderately  elon- 
gated free  segment,  36  X  17  /x  in  greatest 
dimensions,  without  a  basal  expansion.  Two 
unecjual  naked  terminal  setae  20  and  39  //.. 
Seta  on  body  near  free  segment  36  fx.  All 
setae  naked. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  (.see 
l^'igure  27). 

Color  in  life  in  transmitted  light  trans- 
lucid,  eye  dark  red. 

Male. — Bod)'  ( I'ig.  44)  with  piosomc 
moderately  broadened  as  in  iemal(\  Length 
1.55  mm  (1.48-1.62  mm)  and  greatest 
width  0.54  mm  (0.52-0.59  mm),  based  on 
4  specimens.  Ratio  of  length  to  width  of 
prosome   1.38:1. 


Segment  of  leg  5  ( Fig.  45 )  52  x  177  /x 
ventrally,  60  X  177  /x  dorsally.  Between 
this  segment  and  genital  segment  no  ventral 
intei'segmental  sclerite.  Genital  segment 
subquadrate  in  dorsal  view,  275  X  290  fx,  a 
little  wider  than  long.  Four  postgenital 
segments  52  X  91,  55  x  90,  39  X  83,  and 
79  X  83  fx  from  anterior  to  posterior. 

Caudal  ramus  resembling  that  of  female, 
but  shorter,  166  X  39  ^,  about  4.3  times 
longer  than  wide. 

Dorsal  and  ventral  surfaces  of  body  or- 
namented with  scattered  refractile  points 
and  small  hairs  (Fig.  44)  as  in  female.  Ra- 
tio of  length  of  prosome  to  that  of  urosome 
1.06:1. 

Rostral  area  as  in  female. 

First  antenna  segmented  and  anned  as 
in  female,  but  two  aesthetes  added  on  seg- 
ment 2  and  one  on  segment  4,  so  that  for- 
mula is  same  as  for  male  of  L.  campuUi.s. 
Second  antenna  (Fig.  46)  resembling  that 
of  female,  but  inner  surface  of  second  seg- 
ment Nvith  sclerotized   spinelike  knobs. 

Labrum,  mandible,  paragnath.  first  max- 
illa, and  second  maxilla  like  those  in  female. 
( Mandibles  in  single  male  dissected  lacking 
short  row  of  spinules  near  digitifonn  proc- 
esses.) Maxilliped  (Fig.  47)  slender  and 
4-segmented,  assuming  that  the  proximal 
part  of  the  claw  represents  a  fourth  seg- 
ment. First  segment  unarmed,  second  with 
two  barbed  setae  and  a  row  of  spinules  on 
inner  surface,  third  small  and  unarmed. 
Claw  recurved,  270  //  along  its  axis  ( includ- 
ing terminal  lamella),  with  slight  exidence 
of  division  midwav';  proximal!)  with  two 
very  unequal  setae,  the  longer  one  \)vut  and 
having  fine  lateral  spinules  in  its  distal  halt. 

Area  between  maxillipeds  and  first  pair 
of    legs  as  in   female. 

Legs  1-4  as  in  female,  except  for  sexual 
dimorphism  on  last  S(\gment  of  endopod  of 
leg  1  (Fig.  48),  wluMc  formula  is  1,  I,  4, 
instead  of  I,  5  as  in  female. 

Leg  5  (Fig.  49)  with  free  segment  moie 
slender  than  in  female,  31  X  9  //,  its  two 
terminal  naked  setae  27  and  40  //  in  IcMigth. 

Leg  6  (Fig.  50)  a  posteroNcntial  flap  on 
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genital  segment,  bearing  two  small  naked 
setae  about  23  /x  long. 

Spermatophore  not  observed. 

Color  in  life  as  in  female. 

Etymolop^y. — The  specific  name  d\<iita- 
tns,  from  Latin  =  having  fingers,  alludes 
to  the  small  fingerlike  processes  on  the 
mandible. 

Notes  on  copepods  from  Porifes,  closely 
resembling  L.  digitatiis. — Six  females  and 
five  males  which  differ  slightly  from  L.  dig- 
ifafiis  in  the  proportions  of  certain  parts 
were  recovered  from  a  piece  of  a  massive 
colony  of  Porites  sp.  in  1  m,  at  Ampora, 
Nosy  Be,  October  22,  1964. 

One  female  measures  1.94  X  0.72  mm. 
The  genital  segment  is  slightly  larger, 
275  X  352  fji.  The  caudal  ramus  ( Fig.  51 ) 
is  relatively  a  little  longer,  286  X  42  /x,  or 
6.(S  times  longer  than  wide.  Tlie  endopod 
of  leg  4  (Fig.  52)  is  longer,  the  first  seg- 
ment 50  X  34  /x  with  its  inner  seta  110  /x, 
the  second  segment  92  X  25  /x  with  its  two 
terminal  spines  44  and  94  /x.  The  free  seg- 
ment of  leg  5  is  a  little  longer,  46  X  19  fj.. 

One  male  measures  1.76  X  0.60  mm.  The 
genital  segment  is  larger  and  slightly  wider, 
341  X  400  /x.  The  caudal  ramus  is  relatively 
longer,  247  X  39  /x,  or  6.33  times  longer 
than  wide.  The  claw  on  the  maxilliped  is 
relatively  longer,  335  /x.  The  second  seg- 
ment of  the  endopod  of  leg  4  is  88  X  28  jx. 
The  free  segment  of  leg  5  is  44  X  14  /x. 

In  other  respects,  such  as  details  of  the 
armature  and  ornamentation,  these  cope- 
pods  from  Porites  are  identical  with  L. 
digitatus.  The  differences  mentioned  above, 
concerning  chiefly  proportions  and  based 
on  very  few  specimens,  probably  should 
not  be  considered  at  present  to  be  of  spe- 
cific or  even  subspecific  rank.  Perhaps  the 
future  study  of  a  large  series  of  these  cope- 
pods  from  both  Porites  and  Goniopora 
would  clarify  the  significance  of  such  pro- 
portional differences. 

Comparison  with  related  species. — Tliere 
are  fifteen  species  already  described  in  the 
genus  Lichovwlgus  which  have  the  combi- 
nation of  one  claw  (often  with  other  small 


elements)  on  the  second  antenna  and  the 
formula  II,  I,  5  on  the  last  segment  of  the 
exopod  of  leg  4,  thus  resembling  the  new 
species.  These  are:  L.  actinophorus  Humes 
and  Frost,  1964,  L.  anomalus  A.  Scott,  1909, 
L.  arcanus  Humes  and  Cressey,  1958,  L. 
asaphidis  Humes,  1959,  L.  campulus,  L. 
chamartim  Humes,  in  press,  L.  compositus 
Humes  and  Frost,  1964,  L.  elongatus  Buch- 
holz,  1869,  L.  gigas  Thompson  and  A.  Scott, 
1903,  L.  inflatus  Tanaka,  1961,  L.  politus 
Humes  and  Ho,  1967f/,  L.  rhadinus  Humes 
and  Ho,  1967a,  L.  simulans  Humes  and  Ho, 
imid,  L.  spondyli  Yamaguti,  1936,  and  L. 
trochi  Canu,  1899.  In  only  one  of  these,  L. 
gigas,  does  the  mandible  resemble  that  of  L. 
digitatus  in  apparently  having  two  small 
digitiform  processes  on  the  convex  side. 
(Although  Thompson  and  A.  Scott  did  not 
describe  the  mouthparts  of  L.  gigas  in 
detail  they  stated,  p.  280,  that  they  nearly 
resemble  those  of  L.  sirnplex,  in  which  the 
mandible  has  two  "small  corner  filaments," 
illustrated  on  their  pi.  XV,  fig.  30).  How- 
ever, the  shape  of  the  genital  segment  in 
the  female,  the  relative  size  of  leg  5  in  the 
female,  and  the  relative  sizes  of  segments  3 
and  4  of  the  second  antenna  (the  fourth 
much  longer  than  the  third)  distinguish 
this  Ceylonese  species  from  L.  digitatus. 
L.  elegans  Thompson  and  A.  Scott,  1903, 
of  which  only  the  female  is  known,  has  only 
one  claw  on  the  second  antenna,  but  the 
fomiula  for  the  last  segment  of  the  exopod 
of  leg  4  is  unknown.  However,  this  species 
may  be  easily  distinguished  from  the  new 
species  by  its  very  short  caudal  ramus, 
which  is  about  as  broad  as  long,  and  by 
the  notched  genital  segment. 

Lichomologus  prolixipes   n.   sp. 
Figs.  53-78 

Type  material. — 4  females  and  3  males 
from  Porites  sp.  cf.  P.  andreivsi  Vaughan 
in  a  depth  of  3  m,  Pte.  de  Tafondro,  Nosy 
Be,  Madagascar.  Collected  September  28, 
1960.  (This  is  the  same  colony  of  coral 
from  which  the  types  of  Monomolgus  tini- 
hastatus  Humes  and  Frost,  1964,  were  col- 
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lected.)  Holotype  female,  allotype,  and  2 
paratypes  (one  female  and  one  male)  de- 
posited in  the  United  States  National  Mu- 
seum; the  remaining  paratypes  (dissected) 
in  the  collection  of  A.  G.  Humes. 

Other  .specimens. — From  Porites  sp.  cf. 
P.  andreicsi:  4  females  in  0.5  m,  at  the 
point  north  of  the  village  of  Madirokely, 
Nosy  Be,  October  24,  1960.  From  Porites 
sp.  cf.  P.  nifircscens  Dana:  2  females  in  1 
m,  Pte.  de  Tafondro,  Nosy  Be,  Sc^ptember 
19,  1963.  From  Porites  (s.  g.  Synaraea) 
sp.:  3  females  in  1  m,  Pte.  Lokobe,  Nosy 
Be,  November  20,  1963;  4  females  and  2 
males  in  1-2  m,  Ankify,  on  the  mainland  of 
Madagascar,  near  Nosy  Be,  December  30, 
1963. 

Female. — Body  (Fig.  53)  with  rather 
slender  prosome,  cephalosome  somewhat 
pointed  anteriorly.  Length  1.11  mm  (1.05- 
1.15  mm)  and  greatest  width  0.47  mm 
(0.46-0.47  mm),  based  on  4  specimens. 
Ratio  of  length  to  width  of  prosome  1.41:1. 
Epimeral  areas  of  metasomal  segments  as 
in  figure. 

Segment  of  leg  5  (Fig.  54)  58  X  156  p.. 
Between  this  segment  and  genital  segment 
a  very  weakly  developed  ventral  interseg- 
mental sclerite.  Genital  segment  177  /x  in 
length,  broadened  in  its  anterior  two-thirds 
( 156  fx  wide )  but  constricted  in  its  poste- 
rior third  (88  /i  wid(0-  Areas  of  attachment 
of  egg  sacs  situated  dorsally,  each  area 
(Fig.  55)  with  two  small  setae  (anterior 
seta  held  erect  and  not  measured,  poste- 
rior seta  17  /(  in  length )  and  a  small  spinous 
process.  44iree  postgeuital  segments  49  X 
75,  43  X  72,  and  69  X  72  /a  from  anterior  to 
l^ostcrior.  A  row  of  minute  spinules  on 
posteroventral  margin  of  anal  segment. 

Caudal  ramus  (Fig.  57)  moderately  elon- 
gated, 77  X  29  IX,  2.65  times  longer  than 
wide.  Setae  longer  than  in  preceding  spe- 
cies and  naked  except  lor  the  two  long 
setae.  Outer  lateral  seta  85  /<,  outermost 
terminal  seta  117  /<,,  iunenuost  tciininal  seta 
112  /x.  4\\'()  long  median  terminal  setae 
390  II  (inner)  and  275  //  (outer),  with  their 
edges   in   nu'dregion   roughened    to   suggest 


presence  of  extremely  short  lateral  bar- 
bules,  but  these  not  clearly  visible  under 
oil  immersion.  Dorsal  pedicellate  seta  rela- 
tively short,  50  /x.  Dorsal  surface  of  ramus 
with  a  few  small  hairs.  No  spinule  seen 
on  proximal  outer  margin  of  ramus. 

Dorsal  surface  of  prosome  and  dorsal 
and  ventral  surfaces  of  urosome  with  few 
scattered  hairs  and  refractile  points  as  in 
Figures  53  and  54.  Ratio  of  length  of  pro- 
some  to  that  of  urosome  1.57:1. 

Egg  sac  ( Fig.  57 )  relatively  small,  385  X 
220  /x  in  lateral  view,  containing  about  nine 
eggs,  each  approximately  112  /x  in  diameter. 

Rostral  area  (Fig.  58)  weakly  developed. 

First  antenna  (Fig.  59)  slender,  341  /x 
long,  segmented  and  anned  as  in  previous 
two  species.  Lengths  of  segments:  28  (50 
IX  along  anterior  margin),  113,  28,  62,  40, 
30,  and  18  /x,  respectively.   All  setae  naked. 

Second  antenna  ( Fig.  60 )  4-segmented, 
more  slender  than  in  L.  di<i,itatus.  Penulti- 
mate segment  40  ix  along  outer  edge,  last 
segment  37  /x  along  outer  edge  and  21  ix 
along  inner  edge.  Armature:  1,  1,  3,  I. 
Setae  small  and  naked.  Apparently  no  set- 
ules  near  base  of  terminal  claw,  which  is 
recurved  and  42  ^  along  its  axis. 

Labrum  ( Fig.  61 )  with  two  posteroven- 
tral lobes  of  somewhat  irregular  outline  and 
with  hyaline  medial  margins. 

Mandible  ( Fig.  62 )  resembling  that  of 
L.  (li<s,it(itiis,  with  two  similar  digitifonn 
processes  on  convex  edge,  but  without  spi- 
nules near  the  processes  and  with  flagellum 
a  little  shorter.  Paragnath  ( Fig.  63 )  a  small 
lobe  with  hairs.  First  maxilla  (Fig.  64) 
with  three  terminal  elements  and  a  lateral 
fringe.  Second  maxilla  (Fig.  65)  resem- 
bling that  of  /..  (li<:,itatiis,  but  second  seg- 
ment with  process  on  proximal  outer  (ven- 
tral )  margin  broad  and  In  aline  and  seta 
on  iimer  (dorsal)  margin  with  In  aline  la- 
mellae. Maxilliped  (Fig.  66)  3-segmented; 
lirst  segment  unarmed;  second  with  two 
\ cry  une(jual  naked  setae  and  lacking  outer 
patch  ol  spinules  seen  in  prex'ious  species; 
third    with    two    nne(|nal    naked    setae   and 
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a  short  terminal  finely  barbed  spiniform 
process. 

Area  between  maxillipeds  and  first  pair 
of  legs  (Fig.  58)  not  protuberant;  sclero- 
tized  line  between  bases  of  maxillipeds. 

Legs  1-4  (Figs.  67,  68,  69,  and  70)  seg- 
mented as  in  previous  two  species,  with 
same  spine  and  setal  formula.  Leg  4  with 
inner  seta  on  coxa  minute  and  naked,  5  /x 
long;  hairs  present  on  inner  margin  of 
basis.  Endopod  of  leg  4  with  hairs  along 
outer  margins  of  both  segments.  First  seg- 
ment 26  X  20  IX  in  greatest  dimensions,  its 
plumose  inner  seta  relatively  short,  30  ix. 
Second  segment  44  X  18  yu,  with  its  two 
temiinal  fringed  spines  31  /x  (outer)  and  41 
IX  ( inner )  in  length. 

Leg  5  ( Fig.  71 )  with  slightly  recurved 
free  segment  greatly  elongated,  203  x  30  jx, 
or  6.76  times  longer  than  wide,  reaching  a 
little  beyond  posterior  end  of  genital  seg- 
ment. Very  small  spinules  along  outer  sur- 
face. Two  naked  terminal  setae  80  /a 
(outer)  and  100  p.  (inner)  in  length;  seta 
on  body  near  free  segment  65  /x  long  ( a  row 
of  minute  spinules  near  insertion  of  this 
seta). 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  (see  Fig- 
ure 55). 

Color  in  life  in  transmitted  light  trans- 
lucid  to  opaque,  eye  red. 

Male. — Body  (Fig.  72)  with  prosome 
more  slender  than  in  female,  cephalosome 
more  rounded  anteriorly.  Length  0.82  mm 
(0.80-0.85  mm)  and  greatest  width  0.30 
mm  (0.28-0.31  mm),  based  on  3  speci- 
mens. Ratio  of  length  to  width  of  prosome 
1.65:1. 

Segment  of  leg  5  (Fig.  73)  39x90  ^. 
Between  this  segment  and  genital  segment 
no  ventral  intersegmental  sclerite.  Genital 
segment  longer  than  wide,  165  X  138  fx. 
Four  postgenital  segments  24  X  56,  26  X  53, 
19  X  51,  and  33  X  53  ix  from  anterior  to 
posterior. 

Caudal  ramus  resembling  that  of  female, 
but  shorter,  46  x  23  /j.,  or  2  times  longer 
than  wide. 


Dorsal  and  ventral  surfaces  of  body  orna- 
mented as  in  female  with  a  few  hairs  and 
refractile  points  (Figs.  72  and  73).  Ratio 
of  length  of  prosome  to  that  of  urosome 
1.43:1. 

Rostral  area  as  in  female. 

First  antenna  segmented  and  armed  as 
in  female,  but  two  long  aesthetes  added 
on  segment  2  and  one  on  segment  4  (see 
Figure  72),  so  that  formula  is  same  as  for 
males  of  previous  two  species.  Second 
antenna  ( Fig.  74 )  resembling  that  of  fe- 
male, but  having  small  spinelike  knobs 
along  inner  surface  of  second  segment. 

Labrum,  mandible,  paragnath,  first  max- 
illa, and  second  maxilla  similar  to  those  in 
female.  Maxilliped  (Fig.  75)  slender,  seg- 
mented and  armed  as  in  L.  digitatus;  spi- 
nules on  inner  surface  of  second  segment 
longer  than  in  that  species,  and  claw  172  /x 
along  its  axis. 

Area  between  maxillipeds  and  first  pair 
of  legs  as  in  female. 

Legs  1-4  as  in  female,  except  for  leg  1 
which  shows  sexual  dimorphism  in  last  seg- 
ment of  endopod,  fomiula  here  being  I,  I, 
4  (Fig.  76),  instead  of  I,  5  as  in  female. 

Leg  5  ( Fig.  77 )  with  free  segment  much 
shorter  than  in  female,  35  X  10  jx,  its  two 
terminal  setae  60  jx  (outer)  and  68  ix 
(inner),  and  seta  on  body  adjacent  to  free 
segment  58  i-l.  All  setae  naked  as  in  female. 

Leg  6  (Fig.  78)  a  posteroventral  flap  on 
genital  segment,  bearing  two  small  naked 
setae  41  /x  and  28  fx  in  length. 

Spermatophore  not  seen. 

Color  in  life  as  in  female. 

EtijmoIo<i,y. — The  specific  name  prolix- 
ipes,  from  Latin  piolixiis  —  long,  and  pes  = 
foot,  refers  to  the  unusually  long  fifth  legs 
in  the  female. 

Comparison  with  related  species. — L. 
prolixipes  and  L.  digitatus  show  several 
features  in  common  which  indicate  their 
close  relationship.  In  both,  the  mandible 
has  similar  digitiform  processes,  the  second 
antenna  has  a  single  claw,  the  formula  for 
the  last  segment  of  the  exopod  of  leg  4  is 
II,  I,  5,  and  there  is  similar  sexual  dimor- 
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phism  in  the  last  segment  of  the  endopod  of 
leg  1  ( female  I,  5,  male  1,1,4). 

The  new  species  may  be  readily  distin- 
guished from  L.  (li'^ifatus\  however,  by  its 
smaller  size,  its  shorter  caudal  rami,  the 
shape  of  the  genital  segment,  and  the  form 
of  leg  5. 

The  distinctions  made  above  in  compar- 
ing L.  diii,itatus  with  other  species  of  Licho- 
mol^us  ( which  have  the  combination  of 
one  claw  on  the  second  antenna  and  the 
formula  II,  I,  5  on  the  last  segment  of  the 
exopod  of  leg  4)  apply  also  to  L.  piolixipcs. 

Lichomologus   arcuafipes    n.   sp. 
Figs.   79-104 

Ty))c  material. — 137  females,  111  males, 
and  13  immature  specimens  from  Acropora 
palifera  (  Lamarck)  in  a  depth  of  2  m,  Tany 
Kely,  a  small  island  to  the  south  of  Nosy 
Be,  Madagascar.  Collected  August  22,  1963. 
Holotype  female,  allotype,  and  90  para- 
types  ( 50  females  and  40  males )  deposited 
in  the  United  States  National  Museum,  the 
same  number  of  paratypes  in  the  Museum 
of  Comparative  Zoology,  and  the  remain- 
ing paratypes  in  the  collection  of  A.  G. 
Humes. 

Other  .specimens  (all  from  Acropora  pa- 
lifera).— 84  females,  32  males,  and  9  im- 
mature specimens  in  2  m,  Tany  Kely,  Oc- 
tober 3,  1963;  61  females,  39  males,  and  1 
immature  specimen  in  0.5  m,  Ambariobe,  a 
small  island  almost  between  Nosy  Komba 
and  Nosy  Be,  June  21,  1963. 

Female. — Body  (Fig.  79)  with  rather 
broadened  jMosome.  Length  1.06  mm 
(1.01-1. II  mm)  and  greatest  width  0.40 
mm  (().3(S-0.41  mm),  based  on  10  speci- 
mens. Batio  of  length  to  width  ol  prosome 
1.34:1.  l^pimeral  areas  ot  metasonial  seg- 
ments as  in  figme. 

Segment  ol  leg  5  (Fig.  80)  57  X  208  /.. 
Between  this  segment  and  genital  segment 
no  clearly  defined  ventral  intersegmental 
sclerite.  Genital  segment  sub(|uadrate, 
133  X  159  j,.  a  little  w  idc  r  than  long,  in 
dorsal  view  broadest  in  its  anterior  fourth 
and  tapering  slightK'  jiosteriorK  .    Areas  ol 


attachment  of  egg  sacs  located  dorsally, 
each  area  ( Fig.  81 )  with  two  small  setae 
about  6  jx  long.  Three  postgenital  segments 
75  X  89,  66  X  58,  and  62  x  48  /x  from  an- 
terior to  posterior.  A  row  of  minute  spi- 
nules  along  posteroventral  border  of  anal 
segment. 

Caudal  ramus  (Fig.  82)  elongated, 
130  X  18  fx,  7.2  times  longer  than  wide. 
Certain  setae  with  lateral  spinules  as  in 
figure.  Outer  lateral  seta  60  ju,  outermost 
terminal  seta  64  /a,  innermost  terminal  seta 
86  IX.  Two  long  median  terminal  setae 
180  jx  (inner)  and  117  jx  (outer).  Dorsal 
pedicellate  seta  75  jx.  Dorsal  surface  of 
ramus  with  a  few  small  hairs,  ventral  sur- 
face with  sclerotized  knobs.  No  spinule 
seen  on  proximal  outer  margin   of  ramus. 

Dorsal  surfaces  of  prosome  and  urosome 
with  scattered  hairs  and  refractile  points, 
ventral  siuface  of  urosome  with  refractile 
knobs  ( as  on  this  surface  of  caudal  ramus ) . 
Ratio  of  length  of  prosome  to  that  of  uro- 
some 1.30:1. 

Egg  sac  ( Fig.  79 )  small,  globular,  198  X 
187  jx  in  dorsal  view,  containing  usually  3 
eggs  (sometimes  only  2)  flattened  against 
each  other. 

Rostral  area  ( Fig.  83 )  not  well  devel- 
oped, with  refractile  knobs. 

First  antenna  ( Fig.  84 )  slender,  278  ix 
long,  segmented  and  armed  as  in  previous 
three  species.  Lengths  of  segments:  21  (44 
jx  along  anterior  edge),  83,  23,  50,  39,  22, 
and  17  /x,  rcspectixeh'.  All  setae  naked.  A 
group  of  smficial  sclerotizations  on  proxi- 
mal dorsal  surface  of  second  segment. 

Second  antenna  (Fig.  85)  3-segmented, 
last  two  segments  being  fusi'd,  with  only 
a  sliglit  break  in  sclerotization  ol  out(M" 
wall  indicating  bipartite  nature.  Armature: 
1,  1,  2  +  I.  Last  segment  ( fusion  ol  original 
segments  3  and  4)  with  two  minute  spini- 
lorm  projections,  perhaps  representing  rem- 
nants ol  two  of  thc>  three  setae  often  pre- 
sent lu  re  ill  I AcliDmol'^ns.  Terminal  claw 
straight,  about  20  ix  long,  apparenth  lack- 
ing an  actual  articulation  with  segment,  no 
small    elements    near    base    of   claw.     With 
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.scalelike  knobs  on  antero-outer  surface  of 
second  segment. 

Labrum  (Fig.  86)  similar  in  general  form 
to  that  of  the  previous  species. 

Mandible  (Fig.  87)  resembling  that  of 
L.  diiiitaius,  but  distal  convex  margin  pro- 
duced, forming  tv\'o  lobes,  proximal  one 
with  four  slender  digitiform  processes,  dis- 
tal one  broadly  triangular.  Paragnath  (  Fig. 
88)  a  small  lobe  with  hairs.  First  maxilla 
(Fig.  89)  with  three  terminal  elements. 
Second  maxilla  (Fig.  90)  resembling  that 
of  the  previous  species,  but  element  on 
proximal  outer  (ventral)  margin  a  slender 
setule.  Maxilliped  ( Fig.  91 )  slender,  3- 
segmented;  first  segment  unarmed;  second 
with  two  very  unequal  naked  setae;  third 
with  two  small  naked  elements  and  a  short 
barbed  terminal  spiniform  process. 

Area  between  maxillipeds  and  first  pair 
of  legs  (Fig.  92)  not  protuberant;  sclero- 
tized  line  between  bases  of  maxillipeds. 

Legs  1-4  (Figs.  93,  94,  95,  and  96)  seg- 
mented as  in  previous  three  species,  with 
same  spine  and  seta!  formula.  Outer  spines 
of  exopods  with  either  smooth  or  serrate 
lamellae,  those  of  leg  1  as  in  Figure  93, 
those  of  legs  2  and  3  as  in  Figure  94,  and 
those  of  leg  4  as  in  Figure  95.  Leg  4  with 
inner  coxal  seta  short,  16  /x,  with  a  few  lat- 
eral hairs  proximally;  hairs  present  on  inner 
margin  of  basis.  Endopod  of  leg  4  with 
hairs  along  outer  margins  of  both  segments 
and  along  inner  distal  margin  of  second 
segment.  First  segment  29  X  22  /x,  with 
plumose  inner  seta  40  jx.  Second  segment 
58x20  fx  (greatest  dimensions)  with  its 
two  terminal  fringed  spines  39  jx  ( outer ) 
and  47  /x  (inner)  in  length. 

Leg  5  ( Fig.  97 )  with  free  segment 
elongated  and  strongly  arched,  with  its  tip 
extending  dorsally  over  genital  segment  ( as 
in  Figure  80);  dimensions  about  117  X  24  /x, 
with  inner  surface  slightly  concave  and 
outer  surface  convex  and  ornamented  with 
short  broad  spinules.  Two  terminal  naked 
setae  28  ix  ( outer )  and  87  p.  ( inner ) .  Naked 
seta  on   body  near  free  segment  83  fx.    A 


row  of  spinules  on  body  near  insertion  of 
free  segment. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  (see 
Figure  81 ). 

Color  in  life  in  transmitted  light  trans- 
lucid   to   opaque,   eye   red,   egg   sacs   gray. 

Ma/c— Body  (Fig.  98)  with  rather 
broadened  prosome  as  in  female.  Length 
1.23  mm  (1.15-1.28  mm)  and  greatest  width 
0.40  mm  (0.39-0.43  mm),  based  on  10 
specimens.  Ratio  of  length  to  width  of  pro- 
some   1.42:1. 

Segment  of  leg  5  ( Fig.  99 )  55  X  153  /x. 
Between  this  segment  and  genital  segment 
no  ventral  intersegmental  sclerite.  Genital 
segment  quadrate,  208  x  200  jx.  Four  post- 
genital  segments  65  x  81,  68  X  70,  62  x  60, 
and  78  X  60  /x,  from  anterior  to  posterior. 

Caudal  ramus  resembling  that  of  female, 
but  larger  in  absolute  dimensions,  161  X 
24  /x,  ratio  of  length  to  width  a  little  less, 
6.7:1. 

Dorsal  and  ventral  surfaces  of  body  orna- 
mented as  in  female.  Ratio  of  length  of 
prosome  to  that  of  urosome  0.88:1,  urosome 
being  a  little  longer  than  prosome. 

Rostral  area  as  in  female. 

First  antenna  segmented  and  armed  as 
in  female,  but  two  long  aesthetes  added  on 
segment  2  and  one  on  segment  4  (see  Fig- 
ure 98),  so  that  formula  is  same  as  for 
males  of  previous  three  species.  Second 
segment  with  surficial  sclerotizations  as  in 
female.  Second  antenna  ( Fig.  100 )  resem- 
bling that  of  female,  but  with  inner  margin 
of  second  segment  somewhat  irregular  with 
two  protuberances  bearing  scalelike  knobs. 
Claw  a  little  shorter  and  stouter  than  in 
female. 

Labrum,  mandible,  paragnath,  first  max- 
illa, and  second  maxilla  as  in  female.  Max- 
illiped (Fig.  101)  slender,  segmented  and 
armed  as  in  the  previous  species;  promi- 
nent spinules  in  two  rows  on  inner  surface 
of  second  segment.  Claw  234  jx  along  its 
axis. 

Area  between  maxillipeds  and  first  pair 
of  legs  as  in  female. 
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Legs  1—4  resembling  those  in  female, 
with  similar  segmentation  and  with  same 
spine  and  setal  formula,  exeept  for  last  seg- 
ment of  endopod  of  leg  1  (  Fig.  102 )  where 
armature  is  I,  I,  4,  instead  of  I,  5  as  in 
female.  Outer  spines  ( except  first  and  last ) 
on  exopod  of  leg  2  showing  finely  serrated 
proximal  lamellae  (instead  of  smooth  as  in 
female);  outer  terminal  spine  on  endopod 
of  this  leg  with  its  outer  lamella  serrated 
instead  of  smooth. 

Leg  5  (Fig.  103)  with  elongated  straight 
free  segment,  48  X  12  /a,  without  siuficial 
ornamentation  and  much  smaller  than  in 
female.  Two  terminal  setae  34  fx  (outer) 
and  13  /x  (inner),  and  seta  on  body  near 
free  segment  60  /x.    All  setae  naked. 

Leg  6  ( Fig.  104 )  a  posteroventral  flap  on 
genital  segment,  bearing  two  small  naked 
setae  17  and  23  ^  in  length. 

Spermatophore  not  seen. 

Color  in  life  as  in  female. 

Etymoloi^y. — The  specific  name  arcua- 
tipcs,  from  Latin  arciiatus  =  bent  in  the 
form  of  a  bow,  arched,  and  pes  =  foot,  re- 
fers to  the  form  of  the  fifth  legs  in  the 
female. 

Comparison  wiih  related  species. — From 
those  species  of  LicJiomoI<^us  having  one 
claw  on  the  second  antenna  and  the  for- 
mula II,  1,  5  on  the  last  segment  of  the 
exopod  of  leg  4  (see  list  above  under  L. 
(li<j,itatus),  L.  arcuatipes  imxy  be  distin- 
guished by  the  two  lobes  on  the  convex 
margin  ol  the  mandible,  one  with  four 
slender  digitih)rm  processes,  the  other 
broadly  triangular.  These  features  are  not 
present  in  any  of  the  fifteen  species  listed 
above  or  in  cither  L.  digilatus  or  L.  pro- 
lixipes. 

Only  one  other  species  of  IJchomoliiii.s, 
L.  compositus  Humes  and  Frost,  1964,  has 
a  3-segmented  second  antenna,  but  this 
species  is  unlike  /..  arenalijxs  in  such  fea- 
tures as  the  number  of  eggs  in  the  egg  sac, 
the  nature  of  the  setae  on  the  caudal  rami, 
the  surficial  ornamentation  ol  the  second 
.segment  of  the  first  antenna,  the  armature 
of    the   second    maxilla,    the    nature    ol    the 


outer  spines  on  the  exopods  of  legs  1-4, 
and  the  form  and  ornamentation  of  leg  5. 
L.  ele<i,ans  Thompson  and  A.  Scott,  1903, 
has  one  claw  on  the  second  antenna,  but 
the  formula  for  the  last  segment  of  the  exo- 
pod of  leg  4  is  unknown.  This  species,  how- 
ever, has  a  very  short  caudal  ramus,  about 
as  broad  as  long,  and  an  elongated  notched 
genital  segment,  thus  distinguishing  it  from 
L.  arcuatipes. 

Lichomolgus   lobophorus    n.    sp. 
Figs.   105-133 

Type  material. — 21  females,  15  males, 
and  2  immature  specimens  from  Acropora 
scherzeriana  Brueggemann  in  a  depth  of 
1  m,  Pte.  Lokobe,  Nosy  Be,  Madagascar. 
Collected  October  25,  i960.  Holotype  fe- 
male, allotype,  and  30  paratypes  ( 18  fe- 
males and  12  males)  deposited  in  the 
United  States  National  Museum,  and  the 
remaining  paratypes  in  the  collection  of 
A.  G.   Humes. 

Other  specimens. — From  Acropora  sp.: 
12  females  and  20  males  in  1  m,  Ambariobe, 
a  small  island  almost  between  Nosy  Komba 
and  Nosy  Be,  September  17,  19a3;  27  fe- 
males, 19  males,  and  1  immature  specimen 
in  0.5  m,  Ambariobe,  October  20,  1963. 
From  Acropora  cylherea  Dana:  14  females 
and  6  males  in  1  m,  Andilana  (sometimes 
spelled  Andilah),  Nosy  Be,  September  4, 
1960. 

Female. — Body  (Fig.  105)  with  mod- 
erateh'  broadened  prosome.  Length  1.27 
mm  (1.21-1..36  mm)  and  greatest  width 
0.50  mm  (0.47-0.52  mm),  based  on  10 
specimens.  Ratio  of  IcMigth  to  width  of 
prosome  1.44:1.  Epimeral  areas  of  meta- 
somal   segments  expanded  as  in   figure. 

Segment  of  leg  5  (  Fig.  106)  104  X  280  /i. 
Between  this  segment  and  genital  segment 
a  faint  indication  ol  an  intersegmental  scle- 
rite  xcntralK  .  Genital  segment  rectangular, 
a  little  longer  than  wide,  its  lateral  margins 
slightK  indented  in  dorsal  \  iew .  Length 
247  /./,  width  in  anterior  half  234  /<  and  in 
l)osterior  half  228  fx.  Areas  of  attachment 
of    egg    sacs    situated    dorsallv,    each    area 
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( Fig.    107 )    with    two    small    naked    setae  three    setae    usually    seen    on    penultimate 

about    7    /x    long    separated    by    a    minute  segment  in   Lichomolgus.    Armature:     1,  1 

spinous  process;  adjacent  area  with  hyaline  (very    small),    I.    Terminal    claw    straight, 

setules.    Three  postgenital  segments    ( Fig.  about  20  fj.  long,  without  definite  articula- 

108)   120  X  164,  70  X  107,  and  114  X  91  ^,  tion  with  segment;  no  minute  elements  near 

measured  dorsally,  from  anterior  to  poste-  base  of  claw.    Antero-outer  surface  of  sec- 

rior.    First  postgenital  segment  asymmetri-  ond  segment  with  refractile  areas   (which, 

cal    in   lateral  view    (Fig.    109),    extended  like    those    on    body    surface,    seem    to   be 

ventrally    and   posteriorly   as   a   prominent  slight    depressions    in    the    cuticula    rather 

broad    lobe    underlying   part   of   next   seg-  than  knobs ) . 

ment    (cf.   Figure   108);   ventral   length   of  Labrum  (Fig.  115)  with  two  lobes  more 

segment  including  lobe   169  /x.    A  row  of  pointed  than  in  previous  species, 

minute  spinules  along  outer  posterior  bor-  Mandible   (Fig.   116)   closely  resembling 

der  of  anal  segment.  that  oi  L.  a rcu(iti])cs.  Paragnath  (Fig.  117) 

Caudal     ramus     (Fig.     110)     elongated,  a  small  hairy  lobe.   First  maxilla  (Fig.  118) 

180  X  29    IX,    6.2    times    longer   than    wide,  with  three  terminal  elements.    Second  max- 

Certain    setae   with   lateral    spinules    as   in  ilia   (Fig.  119)   and  maxilliped   (Fig.  120) 

figure.    Outer  lateral  seta  73  ^,  outermost  much  like  those  of  L.  arcuatipes. 

terminal  seta  65  /x,  innermost  terminal  seta  Area  between  maxillipeds  and  first  pair 

73  p..   Two  long  median  terminal  setae  95  p.  of  legs  ( Fig.  121 )  not  protuberant;  sclero- 

( inner)  and  83  ix  (outer).    Dorsal  pedicel-  tized  line  between  bases  of  maxillipeds. 

late  seta  55  jx.    Dorsal  and  ventral  surfaces  Legs  1-4  (Figs.  122,  123,  124,  and  125) 

of   ramus   with   hairs    and   refractile    areas  segmented  as  in  previous  four  species,  with 

(which   appear  to   be   minute   depressions  same  spine  and  setal  formula.    Inner  coxal 

in    the    cuticula    rather   than    knobs).     No  seta  of  leg  4  moderately  long,  41  /x,   and 

spinule  seen  on  proximal  outer  margin  of  haired;  basis  of  this  leg  with  hairs  on  inner 

ramus.  margin.    Endopod  of  leg  4  resembling  that 

Dorsal    surface   of   prosome   and    dorsal  of  L.  arcuatipes.    First  segment  36  X  30  /x, 

and  ventral  surfaces  of  urosome  with  a  few  with  its  plumose  inner  seta  69  /x.    Second 

hairs   and   numerous   refractile    areas    ( ap-  segment     attenuated     distally,     81  X  28     /x 

parently  slight  depressions  in  the  cuticula ) .  ( greatest  dimensions ) ,  with  its  two  termi- 

Ratio  of  length  of  prosome  to  that  of  uro-  nal  fringed  spines  50  /x   (outer)   and  57  /x 

some  1.42:1.  (inner)  in  length. 

Egg  sac  (Figs.  105  and  111)  small,  glob-  Leg  5  (Fig.  126)  with  free  segment 
ular,  237  x  195  /x  in  dorsal  view,  contain-  elongated  and  arched  (but  less  strongly 
ing  6-7  eggs  of  somewhat  irregular  shape,  so  than  in  the  previous  species),  dimen- 
Rostral  area  (Fig.  112)  not  well  devel-  sions  about  200x35  /x,  with  outer  convex 
oped,  but  covered  anteriorly  with  refrac-  surface  ornamented  with  short  stout  spi- 
tile  points.  nules.  Two  terminal  naked  setae  38  fi  (outer) 
First  antenna  (Fig.  113)  slender,  376  /x  and  75 /x  (inner).  Naked  seta  on  body  near 
long,  segmented  and  armed  as  in  previous  free  segment  90  jx.  A  row  of  spinules  on 
four  species.  Lengths  of  segments:  31  {55ix  body  near  insertion  of  free  segment, 
along  anterior  edge),  136,  28,  62,  46,  28,  Leg  6  probably  represented  by  the  two 
and  21  /x,  respectively.  All  setae  naked.  setae  near  attachment  of  egg  sac  ( see  Fig- 
Second  antenna  (Fig.  114)  3-segmented,  ure  107). 
last  two  segments  having  been  fused,  as  in  Color  in  life  in  transmitted  light  slightly 
L.  arcuatipes,  but  fusion  even  more  com-  amber,  eye  red,  egg  sacs  gray, 
plete,  without  an  interruption  in  sclerotiza-  Male. — Body  (Fig.  127)  with  moderately 
tion  of  outer  wall  and  without  a  trace  of  broadened     prosome.      Length     1.15     mm 
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(1.11-1.19  mm)  and  greatest  width  0.39 
mm  (0.37-0.39  mm),  based  on  10  speci- 
mens. Ratio  of  length  to  width  of  prosome 
1.40:1. 

Segment  of  leg  5  ( Fig.  128 )  65  x  166  /x. 
Between  this  segment  and  genital  segment 
no  ventral  intersegmental  sclerite.  Genital 
segment  quadrate,  260  X  270  /x,  only  a  little 
wider  than  long.  Four  postgenital  segments 
78  X  112,  65  X  81,  50  x  72,  and  90  x  71  fx, 
measured  dorsally,  from  anterior  to  poste- 
rior. Second  postgenital  segment  with  a 
prominent  broad  posteroventral  lobe  as  in 
female. 

Caudal  ramus  resembling  that  of  female, 
but  shorter,  164  X  29  //,,  5.7  times  longer 
than  wide. 

Dorsal  and  ventral  surfaces  of  body  orna- 
mented as  in  female.  Ratio  of  length  of 
prosome  to  that  of  urosome  1.0:1. 

Rostral  area  as  in  female. 

First  antenna  segmented  and  armed  as 
in  female,  but  two  long  aesthetes  added  on 
segment  2  and  one  on  segment  4  ( see  Fig- 
ure 127),  so  that  formula  is  same  as  for 
males  of  previous  four  species.  Second  an- 
tenna (Fig.  129)  resembling  that  of  female, 
but  small  knobs  along  inner  margin  of 
second  segment  proximal  to  minute  setule. 

Labrum,  mandible,  paragnath,  first  max- 
illa, and  second  maxilla  as  in  female.  Maxil- 
liped  (Fig.  130)  rather  closely  resembling 
that  of  /..  (ircnatipc.s.  Claw  .330  /a  along  its 
axis. 

Area  betwecMi  maxillipeds  and  first  j^air 
of  legs  like  that  of  female. 

Legs  1-4  resembling  those  ol  Icniale,  ex- 
cept fornuila  for  last  segment  of  cMidopod 
of  leg  1  (Fig.  131)  which  is  I,  1,  4,  instead 
of   I,  5  as  in  female. 

Leg  5  (Fig.  132)  with  elongated  straight 
free  segment,  68  X  19  p.  ( greatest  dimen- 
sions), with  small  sjiinules  on  outer  sur- 
face. Two  terminal  setae  40  /i  (outer)  and 
17  //  (inner),  and  seta  on  body  near  free 
segment  63  /x.    y\ll  setae  naked. 

Leg  6  (Fig.  133)  with  two  small  naked 
setae  18  and  20  /<,  long. 

Spermatophoic   not  seen. 


Color  in  life  in  transmitted  light  some- 
what more  amber  than  in  female,  eye  red. 

EtymoJ()<i,y. — The  specific  name  loboph- 
oriis,  from  Xof3(k  =  a  lobe  and  (/)opew  =  to 
bear  or  carry,  alludes  to  the  prominent 
posteroventral  lobe  on  the  first  postgenital 
segment  in  the  female    ( second  in   male ) . 

Comparison  icitli  related  species-. — The 
prominent  posteroventral  lobe  on  the  first 
postgenital  segment  of  the  female  ( and 
on  the  second  postgenital  segment  of  the 
male )  distinguishes  this  species  from  all 
other  known  species  of  Lie]}omoIg,us. 

By  its  3-segmented  second  antenna 
(rather  than  4-segmented),  L.  lobophorus 
differs  from  all  species  in  the  genus  except 
L.  eom))Ositus  Humes  and  Frost,  1964,  and 
L.  areuatipes.  L.  eompositiis,  though  show- 
ing a  generally  similar  body  form,  is  unlike 
the  new  species  in  the  nature  of  the  setae 
on  the  caudal  rami,  the  details  of  the  arma- 
ture of  segment  3  of  the  second  antenna, 
the  form  of  the  mandible  (lacking  inner 
digitiform  processes),  the  armature  of  the 
second  maxilla,  and  the  form  of  leg  5. 

L.  lobophorus,  being  similar  to  L.  areu- 
atipes in  many  ways  (particularly  in  the 
form  of  the  mandible),  is  apparently  closely 
related  to  it.  However,  L.  lobop]\orus  may 
be  distinguished  from  L.  areuatipes  by  the 
posteroventral  lobe  on  the  postgenital  re- 
gion and  by  other  details  such  as  the  num- 
ber of  eggs  in  the  egg  sac,  the  surficial 
ornamentation  of  the  second  segment  of 
the  first  antcnma,  the  form  of  the  labral 
lobes,  the  nature  of  the  outer  spines  on 
th(>  exopods  of  legs  1-4,  and  the  form  and 
ornamentation  of  leg  5. 

Lichomolgus   geminus   n.    sp. 
Figs.    134-150 

Type  material. — 141  females  and  102 
males  from  Stylopliora  ])isiill(ita  (Fsper) 
in  a  dei)th  of  0.5  m,  Na\('ts\ ,  Xosy  Be, 
Madagascar.  Collected  September  24,  1964. 
ll()lot\pe  female,  allot)  pe,  and  145  para- 
typ(\s  ( 90  females  and  55  makvs )  deposited 
ill  the  United  States  National  Museum,  45 
paratypes  (25  females  and  20  males)  in  the 
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Museum  of  Comparative  Zoology,  and  the 
remaining  paratypes  in  the  collection  of 
A.  G.  Humes. 

Other  specimens. — From  StylopJwra  pis- 
tillatci:  15  females  and  7  males  in  0.2  m, 
Ambariobe,  a  small  island  almost  between 
Xosy  Komba  and  Nosy  Be,  June  21,  1963; 
9  females  and  7  males  in  0.5  m,  Ambariobe, 
July  21,  1963;  36  females,  16  males,  and  1 
copepodid  in  0.5  m,  Ambariobe,  August  4, 
1963;  27  females  and  21  males  in  3  m,  Am- 
bariobe, August  13,  1963;  1(S  females  and  8 
males  in  0.5  m,  Ambariobe,  October  6,  1963; 
and  2  females  and  1  male  in  0.5  m,  west  of 
Pte.  Mahatsinjo,  Nosy  Be,  January  31,  1964. 
From  StyIo))]ioni  mordax  ( Dana ) :  21  fe- 
males, 7  males,  and  1  copepodid  in  2  m, 
Pte.  Ambarionaomby,  Nosy  Komba,  near 
Nosy  Be,  October  1,  1963.  From  Acroporo 
sp.:  32  females  and  6  males  in  2  m,  Pte. 
Lokobe,   Nosy   Be,   August   16,    1960. 

Female. — Body  form  (Fig.  134)  resem- 
bling that  of  L.  compositus  Humes  and 
Frost,  1964.  Length  1.59  mm  (1.56-1.61 
mm)  and  greatest  width  0.58  mm  (0.57- 
0.59  mm),  based  on  10  specimens.  Ratio 
of  length  to  width  of  prosome  1.38:1. 

Segment  of  leg  5  (Fig.  135)  83  X  202  /x. 
Genital  segment  146  X  138  /x,  very  similar 
in  form  to  that  of  L.  compositus.  Areas 
of  attachment  of  egg  sacs  dorsolaterally 
placed,  each  area  ( Fig.  136 )  with  two  very 
small  setae  (4  /x  long)  and  a  minute  proc- 
ess. Three  postgenital  segments  125  X  138, 
107  X  117,  and  88  x  100  /x  from  anterior  to 
posterior. 

Caudal  ramus  ( Fig.  137 )  greatly  elon- 
gated, 265  X  29  ^  (width  taken  at  middle), 
tapering  slightly  distally,  9.1  times  longer 
than  wide.  Setae  short  and  naked,  resem- 
bling those  of  L.  compositus.  Outer  lateral 
seta  50  /x,  outermost  terminal  seta  53  /x,  in- 
nermost terminal  seta  55  /x.  Two  median 
terminal  setae  broadened  and  hyaline,  68  p. 
(outer)  and  75  ^  (inner)  in  length.  Dorsal 
pedicellate  seta  34  /x.  Both  dorsal  and  ven- 
tral surfaces  of  ramus  with  minute  hairs. 
No  setule  seen  on  proximal  outer  margin  of 
ramus. 


Egg  sac  (Fig.  138)  small,  globular,  244 
X  212  IX  in  dorsal  view,  containing  usually 
4  eggs   (sometimes  5). 

Dorsal  surface  of  prosome  and  dorsal  and 
ventral  surfaces  of  urosome  with  a  few 
small  hairs.  Ratio  of  length  of  prosome  to 
that  of  urosome  1.14:1.  (In  life  the  uro- 
some may  fonn  a  Z-shaped  flexure,  with 
the  genital  segment  drawn  forward  under 
the  metasome  and  the  postgenital  segments 
retained  in  line  with  the  prosome.) 

Rostral  area  with  many  long  setules  as 
in  L.  compositus. 

First  antenna  segmented  and  armed  as 
in  L.  compositus,  first  segment  having  only 
a  single  seta.  Lengths  of  segments:  75 
(88  IX  along  anterior  edge),  101,  42,  59,  48, 
34,  and  25  /x,  respectively. 

Second  antenna,  labrum,  mandible,  par- 
agnath,  first  maxilla,  second  maxilla,  maxil- 
liped,  region  between  maxillipeds  and  first 
leg,  leg  1,  leg  2,  and  leg  3  like  those  of 
L.  compositus. 

Leg  4  ( Fig.  139 )  segmented  and  armed 
as  in  L.  compositus,  last  segment  of  exopod 
with  the  formula  II,  I,  5.  Inner  coxal  seta 
naked  and  22  /x  long.  Endopod  somewhat 
longer  than  in  that  species;  first  segment 
39  X  32  /x,  with  its  plumose  inner  seta  65  /x; 
second  segment  99  X  23  /x  (length  includ- 
ing terminal  processes  of  5  /x  and  width 
taken  at  widest  point),  narrowest  width 
12.5  /x,  two  terminal  fringed  spines  40  ii 
(outer)   and  74  /x   (inner)   in  length. 

Leg  5  (Fig.  140)  with  free  segment 
slender  and  arched,  147  X  14  ^a  (width 
taken  at  narrowest  point  at  junction  of  first 
and  second  thirds),  without  fine  ornamen- 
tation. Two  terminal  setae  26  /x  (outer) 
and  88  /x  (inner).  Seta  on  body  near  in- 
sertion of  free  segment  35  /x.  All  setae 
naked. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  (see 
Figure  136). 

Color  in  life  in  transmitted  light  trans- 
lucid,  eye  red,  egg  sacs  light  gray. 

Male. — Body  form  (Fig.  141)  like  that 
of  L.  compositus.    Length  1.49  mm   (1.42- 
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1.55  mm)  and  greatest  width  0.50  mm 
(0.48-0.51  mm),  based  on  10  specimens. 
Ratio  of  length  to  width  of  prosome  1.32:1. 

Segment  of  leg  5  (Fig.  142)  55  x  161  ,x. 
Genital  segment  208  x  280  ^,  wider  than 
long.  Four  postgenital  segments  57  X  94, 
86  X  86,  73  X  82,  and  78  x  86  /x  from  an- 
terior to  posterior.  Caudal  ramus  ( Fig. 
153)  similar  to  that  in  L.  compositus,  but 
longer,  229  X  31  /x,  7.4  times  longer  than 
wide. 

Rostral  area,  first  antenna  ( with  aes- 
thetes arranged  as  0,  2,  0,  1,  1,  1,  and 
1),  second  antenna,  labrum,  mandible,  par- 
agnath,  first  maxilla,  second  maxilla,  max- 
illiped  (claw  305  /x  along  its  axis),  region 
between  maxillipeds  and  first  leg,  and  leg 
1  (with  last  segment  of  endopod  having 
one  serrated  spine,  one  setiform  spine, 
and  four  setae)  resembling  those  of  L. 
compositus. 

Exopods  of  legs  2,  3,  and  4  as  in  L.  com- 
])()situ.s.  Endopod  of  leg  2  with  outer  termi- 
nal spine  on  last  segment  (Fig.  144)  modi- 
fied as  shown  in  detail  in  Figure  145.  En- 
dopod of  leg  3  with  outer  terminal  spine 
on  last  segment  (Fig.  146)  shorter  than 
that  in  L.  compositus,  but  not  as  greatly 
modified  as  in  preceding  leg.  Endopod  of 
leg  4  (Fig.  147)  elongated;  first  segment 
39  X  33  jx,  with  its  plumose  seta  77  fx;  sec- 
ond segment  111  X  27  /a  (length  including 
terminal  processes  of  5  /x  and  width  taken 
at  widest  point),  narrowest  width  12.5  /x, 
two  terminal  fringed  spines  43  /<  (outer) 
and  79  //.  (inner)  in  length. 

Leg  5  (Fig.  148)  with  elongated  rec- 
tangular free  segment  50  X  12.5  /x,  unorna- 
mented,  its  two  naked  terminal  setae  28  /x 
(outer)  and  34  /<,  (inner)   in  length. 

Leg  6  ( I'ig.  149)  the  usual  postcroventral 
flap  on  genital  segment,  bearing  two  small 
naked  setae  23  and  19  /<  in  length. 

Siiermatojihore  (Fig.  150),  attathed  to 
female,  oxal,  174x107  /x  (not  including 
the  short  neck  ). 

Color  ill   lib'  as   in   h'liialc. 

Etymolooij . — The  specific  name  '^cminus, 
from    Latin  =  twin-born    or    similar,    refers 


to  the  close  similarity  of  this  species  to 
L.  compo.situs. 

Comparison  witJi  related  .species. — L. 
<lC7ninus  shows  three  features  which  in 
combination  serve  to  distinguish  it  from 
all  species  of  Lichomolp^us  except  L.  com- 
positus Humes  and  Frost,  1964  (associated 
with  the  coral  Seriatopora  subseriata  Ehr- 
enberg  in  Madagascar).  These  are:  the 
presence  of  only  a  single  seta  on  segment 

1  of  the  first  antenna,  a  3-segmented  sec- 
ond antenna,  and  the  two  short  broad 
hyaline  setae  on  the  caudal  ramus.  L. 
lohophonis  and  L.  arcuatipes  both  have  a 
3-segmented  second  antenna,  but  differ 
from  the  new  species  in  having  four  setae 
on  segment  1  of  the  first  antenna,  and  in 
having  relatively  unmodified  setae  on  the 
caudal  ramus. 

L.  fieminus  appears  to  be  very  closely 
related  to  L.  compositus,  the  two  species 
showing  striking  similarities.  There  exist, 
however,  several  significant  differences 
which  are  sufficiently  important  in  our 
opinion  to  warrant  considering  these  cope- 
pods  from  Stylo))I}ora  as  representing  a  dis- 
tinct species.  In  L.  (s^eiuinus  the  endopod 
of  leg  4  is  relatively  more  slender  than  in 
L.  compositus,  the  free  segment  of  leg  5 
in  the  female  is  more  slender,  the  caudal 
ramus  is  longer  and  more  slender  (9.1:1 
in  the  female,  7.4:1  in  the  male),  the  egg 
sac  is  globular  with  4-5  eggs  (7  eggs  in 
L.  compo.situs),  and  there  is  .sexual  di- 
morphism in  the  outer  terminal  spine  on 
the  last  segment  of  the  endopods  of  legs 

2  and  3  in  the  male. 

Lichomolgus   crassus    n.    sp. 
Figs.    151-182 

Type  material. — 54  females  and  27  males 
from  Styfo))Ju)ra  pistillata  (Esper)  in  a 
depth  of  0.5  m,  Ambariobe,  a  small  island 
near))-  between  i\os\  Komba  and  Nosy  Be, 
Madagascar.  Collected  August  4.  1963. 
Ilolot\pe  lemalc,  allotype,  and  61  para- 
types  (41  females  and  20  males)  deposited 
in  the  United  States  National  Museum,  14 
paratypes  (10  females  and  4  males)  in  the 
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Museum  of  Comparative  Zoology,  and  the 
remaining  paratypes  in  the  collection  of 
A.  G.  Humes. 

Other  specimens. — From  Stylophom  pis- 
tilhifa:  1  female  and  5  males  in  0.2  m, 
Ambariobe,  June  21,  1963;  3  males  in  0.5  m, 
Ambariobe,  July  21,  1963;  1  female  and  16 
males  in  0.5  m,  Ambariobe,  August  13, 
1963;  1  female  and  10  males  in  0.5  m,  Am- 
bariobe, October  6,  1963;  3  males  in  0.5  m, 
west  of  Pte.  Mahatsinjo,  Nosy  Be,  January 
31,  1964;  and  1  female  and  33  males  in  0.5 
m,  Navetsy,  Nosy  Be,  September  24,  1964. 
From  Stylo pJioia  mordax  (  Dana ) :  33  males 
in  2  m,  Pte.  Ambarionaomby,  Nosy  Komba, 
near  Nosy  Be,  October  1,  1963.  From  Acro- 
pom  sp.:  15  males  in  2  m,  Pte.  Lokobe, 
Nosy  Be,  August  16,  1960. 

Female. — Body  (Figs.  151  and  152)  with 
broadened  and  thickened  prosome;  uro- 
some  slender  and  in  life  folded  under  meta- 
some  with  only  postgenital  segments  vis- 
ible in  dorsal  view.  Length  1.38  mm  ( 1.32- 
1.44  mm)  and  greatest  width  0.66  mm 
( 0.60-0.72  mm ) ,  based  on  10  specimens. 
Greatest  dorsoventral  thickness  0.48  mm. 
Segment  of  leg  1  clearly  set  off  from  head; 
epimeral  areas  of  metasomal  segments  as  in 
figures.  Ratio  of  length  to  width  of  pro- 
some  1.07:1. 

Segment  of  leg  5  (Fig.  153)  96  X  257  ,x. 
Genital  segment  (Fig.  153)  rather  narrow, 
wider  in  its  anterior  third  ( 156  ju. )  than  in 
its  posterior  two-thirds  ( 127  ^ ) ;  its  dorsal 
length  ( 95  /A )  much  shorter  than  its  ventral 
length  ( 195  /a  ) .  Areas  of  attachment  of 
egg  sacs  located  dorsolaterally,  each  area 
(Fig.  154)  with  two  minute  setae  about 
6  fi  in  length  with  a  spiniform  process  be- 
tween them.  First  postgenital  segment 
(Fig.  155)  shorter  dorsally  (60  ^)  than 
ventrally  (112  fx)  and  117  /x  wide;  second 
83  X  96'  ^,  and  third  78  x  98  ^  (this  last 
segment  apparently  without  a  row  of  spi- 
nules  along  posteroventral  margin). 

Caudal  ramus  ( Fig.  156 )  moderately 
elongated,  112  X  39  /x,  2.87  times  longer 
than  wide.  Setae  relatively  short  and  naked. 
Outer  lateral  seta  41  /x,  outermost  terminal 


seta  50  fi,  innermost  terminal  seta  46  /x. 
Two  median  terminal  setae  broadened,  68  p. 
(outer)  and  73  fx  (inner)  in  length.  Dorsal 
pedicellate  seta  30  ix.  Both  dorsal  and  ven- 
tral surfaces  of  ramus  with  a  few  minute 
hairs  and  refractile  points.  No  setule  seen 
on  proximal  outer  margin  of  ramus. 

Egg    sac   unkown. 

Dorsal  surface  of  prosome  with  many 
refractile  points.  Dorsal  and  ventral  sur- 
faces of  luosome  with  a  few  hairs  and  re- 
fractile points.  Ratio  of  length  of  prosome 
to  that  of  urosome  difficult  to  establish 
because  of  flexure  of  urosome,  but  esti- 
mated to  be  about  1.5:1. 

Rostral  area  (Fig.  157)  with  many  hya- 
line setules.  On  ventral  surface  of  head 
a  sclerotized  ridge  extending  from  insertion 
of  first  antenna  diagonally  toward  postero- 
lateral corners  of  head  region. 

First  antenna  (Fig.  158)  segmented  and 
armed  as  in  L.  compositus  and  L.  <i,eminiis, 
first  segment  having  only  a  single  seta  ( in 
one  female  first  segment  of  one  antenna 
had  an  extra  seta).  Lengths  of  segments: 
66  (84  ^  along  anterior  edge),  70,  40,  35, 
42,  21,  and  19  /x  respectively.  All  setae  short 
and  naked. 

Second  antenna  ( Fig.  159 )  3-segmented 
as  in  L.  compositus,  L.  arcuatipes,  L.  lo- 
hophorus,  and  L.  geminus,  the  dual  nature 
of  the  slender  third  segment  (formed  by 
fusion  of  original  segments  3  and  4)  indi- 
cated by  three  small  obtuse  hyaline  ele- 
ments ( representing  the  usual  three  setae 
on  penultimate  segment  in  Lic]iomoI<ius). 
Armature:  1,  1,  3  +  I  +  2  small  obtuse  ele- 
ments. Terminal  claw  short  ( 25  ^  along  its 
axis)  and  reflexed. 

Labrum  (Fig.  160)  with  a  few  hyaline 
setules,  its  posteroventral  margin   bilobed. 

Mandible  (Fig.  161)  resembling  that  of 
L.  compositus  and  L.  geminus.  Paragnath 
( Fig.  162 )  a  small  somewhat  pointed  lobe 
with  hairs.  First  maxilla  (Fig.  163),  with 
four  elements,  second  maxilla  (Fig.  164), 
and  maxilliped  (Fig.  165),  resembling  those 
of  L.  compositus  and  L.  g^cminus. 

Area  between  maxillipeds  and  first  pair 
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of  legs  (Fig.  166)  not  protuberant;  sclero- 
ti/ed  line  between  bases  of  niaxillipeds  not 
complete. 

Legs  1-4  (Figs.  167,  168,  169,  and  170) 
segmented  as  in  previous  six  species,  with 
same  spine  and  setal  fonnula.  Inner  coxal 
seta  of  leg  4  short,  22  fx  in  length,  and 
naked;  basis  of  this  leg  with  hairs  on  inner 
margin.  Spines  on  exopod  of  leg  1  lamel- 
late, with  short  proximal  spinules  and  ter- 
minal flagella;  these  spines  on  legs  2-4  with 
smooth  lamellae.  Endopod  of  leg  4  moder- 
ately elongated.  First  segment  28  x  24  ju, 
with  its  plumose  inner  seta  40  /x.  Second 
segment  57x22  /x  (greatest  dimensions), 
its  terminal  spines  naked  with  obtuse  tips, 
outer  33  fx,  inner  56  /x  in  length. 

Leg  5  (Fig.  171)  with  elongated  free 
segment  88  X  14  ju,  only  slightly  arched  and 
without  fine  ornamentation.  Two  terminal 
setae  24  /x  ( outer )  and  60  yn  ( inner ) .  Seta 
on  body  near  insertion  of  free  segment 
23  jui.   All  setae  naked. 

Leg  6  probably  represented  by  the  two 
small  elements  near  attachment  of  egg  sac 
( see  Figure  154 ) . 

Color  in  life  in  transmitted  light  trans- 
lucid  to  opafjue,  reddish  amber  areas  at 
bases  of  first  antennae  and  external  to  in- 
sertions of  legs,  eye  red. 

Male. — Body  ( Fig.  172 )  with  prosome 
less  broadened  and  thickened  than  in  fe- 
male; urosome  not  folded  under  metasome, 
but  extended  in  a  more  usual  position. 
Length  1.23  mm  (1.20-1.25  mm)  and 
greatest  width  0.51  mm  (0.50-0.51  mm), 
based  on  10  specimens.  Ratio  of  length  to 
width  of  prosome  1.2:1. 

Segment  of  leg  5  (  Fig.  173 )  68  X  168  /t. 
Genital  segment  177  X  224  p.,  wider  than 
long,  with  rounded  lateral  margins.  Four 
postgenital  segments  44  X  91,  64  X  85,  70  X 
74,  and  65  X  75  /x  from  anterior  to  posterior. 

Caudal  ramus  (Fig.  174)  similar  to  that 
of  female,  but  longer,  149x29  /t,  5.13 
times   longer  than   wide. 

Rostral  area  as  in   female. 

First  antenna  (  i'^ig.  175)  segmented  and 
armed    as    in     female,     but     two    aesthetes 


added  on  segment  2  and  one  on  segment  4, 
so  that  formula  is  same  as  for  males  of  L. 
compositus  and  L.  ii^emimis. 

Second  antenna,  labrum,  mandible,  par- 
agnath,  first  maxilla,  and  second  maxilla 
resembling  those  of  female.  Maxilliped 
( Fig.  176 )  segmented  and  armed  as  in 
previous  species.  Claw  145  /x  along  its  axis 
( including  lamella ) ,  showing  a  distinct  line 
of  division  about  midway,  and  having  hy- 
aline serrations  along  concave  margin. 

Area  betw^een  maxillipeds  and  first  pair 
of  legs  like  that  of  female. 

Legs  1-4  with  same  spine  and  setal  for- 
mula as  in  female.  Leg  1  (Fig.  177)  with 
spines  on  exopod  and  single  spine  on  endo- 
pod much  more  strongly  barbed  than  in  fe- 
male. Legs  2  and  3  with  spines  on  exopods 
moderately  barbed,  those  on  endopod  of 
leg  2  as  in  Figure  178,  and  on  endopod  of 
leg  3  as  in  Figure  179.  Leg  4  with  spines 
on  exopod  slightly  barbed.  Endopod  (Fig. 
180)  longer  than  in  female;  first  segment 
30  X  31  IX,  with  its  plumose  inner  seta  58  /x; 
second  segment  75  x  25  /x,  more  attenuated 
than  in  female,  with  its  two  terminal  spines 
37  /x  (outer)  and  66  /x  (inner)  in  length. 

Leg  5  ( Fig.  181 )  with  straight  and  mod- 
erately short  free  segment,  35  X  10  jx,  with- 
out fine  ornamentation.  Two  terminal 
naked  setae  23  and  37  /x  long. 

Leg  6  (Fig.  182)  a  posteroventral  flap 
on  genital  segment,  bearing  two  small  naked 
setae  20  and  17  /x  in  length. 

Spermatophore  seen  only  partly  de\el- 
oped  inside  body  of  male  (Fig.  182). 

Color  in  life  resembling  that  of  female. 

Etijinoloinj. — The  specific  name  missus, 
from  Latin  =  thick  or  solid,  alludes  to  the 
broadened   and   thickened  prosome. 

CU)ni))(iiis()ii  iritli  rchilcd  species. — /.. 
crass'us  may  be  distingui.shed  from  all  but 
four  spec-ies  of  1  Aclioinohj^us  b\  its  3-seg- 
mented  second  antenna  (resulting  from 
a  fusion  of  segments  3  and  4).  Th(\se  four 
species  aix-:  /..  compositus  IIum(\s  and 
Frost,  1964,  /..  (iiciKitijH's,  L.  lohophorus, 
and  /..  ij^c))ii)uis.  Two  of  these,  /..  iiirua- 
tijX's   and    /..    lohoplionis,    differ    from    the 
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new  species  in  having  four  setae  ( instead 
of  one)  on  the  first  segment  of  the  first 
antenna  and  in  having  four  small  fingerlike 
processes  on  the  basal  part  of  the  mandible. 
The  other  two,  L.  compositiis  and  L.  <!,cmi- 
iuis\  differ  in  showing  sexual  dimorphism 
in  the  fonnula  for  leg  1  (last  segment  of 
endopod  I,  5  in  the  female,  I,  I,  4  in  the 
male)  and  in  having  a  less  broadened  pro- 
some  ( ratio  of  length  to  width  in  female  of 
L.  compositus  1.27:1,  in  L.  g^cminus  1.38:1). 
On  the  basis  of  several  points  of  simi- 
larity in  L.  crossus,  L.  compositus,  and  L. 
<i,cminus,  such  as  the  setulose  rostral  area, 
the  single  seta  on  the  first  segment  of  the 
first  antenna,  the  structure  of  the  mandible, 
and  the  two  broadened  and  relatively  short 
terminal  setae  on  the  caudal  ramus,  these 
three  species  appear  to  be  closely  related. 

Lichomolgus  acfinophorus  Humes  and  Frost, 
1964 

This  species  has  been  previously  reported 
(Humes  and  Frost,  1964)  from  Pavona 
an<iii]ata  Klunzinger  and  Pavona  cactus 
(Forskal)  in  Madagascar.  New  host  rec- 
ords are: 

1)  From  Pavona  danai  (Milne  Edwards 
and  Haime ) :  31  females  and  29  males  in 
10  cm,  Ambariobe,  near  Nosy  Be,  October 
6,  1963;  189  females  and  193  males  in  10 
cm,  Boloboxo,  Nosy  Faly,  east  of  Nosy  Be, 
August  10,  1964. 

2)  From  Pavona  danai  or  Pavona  an^iu- 
laris  (Klunzinger):  111  females  and  87 
males  in  1  m,  Ambariobe,  September  6, 
1963.    Identification  of  host  uncertain. 

3)  From  Pavona?  venusta  (Dana):  28 
females  and  22  males  in  1  m,  Ambariobe, 
September  17,  1963. 

Lichomolgus   compositus   Humes   and    Frost, 
1964 

This  species  has  been  known  only  from 
Seriatopora  subseriata  Ehrenberg  in  Mada- 
gascar ( Humes  and  Frost,  1964 ) .  It  is  now 
reported  as  follows: 

1 )   From    Seriatopora    octoptcra    Ehren- 


berg: 14  females  and  2  males  in  2  m,  Pte. 
Ambarionaomby,  Nosy  Komba,  August  18, 
1960. 

2)  From  Seriatopora  sp.:  8  females  and 
2  males  in  1  m,  Pte.  Ambarionaombv,  Jan- 
uary 12,  1964. 

Monomo/gus  unihasfotus  Humes  and  Frost, 
1964 

This  lichomolgid  has  been  reported  only 
from  Porites  sp.  cf.  P.  andrewsi  Vaughan 
in  Madagascar  ( Humes  and  Frost,  1964 ) . 
It  is  now  recorded  from  Porites  sp.  cf.  P. 
nigresccns  Dana  ( 111  females  and  93  males 
in  1  m,  Pte.  de  Tafondro,  Nosv  Be,  Sep- 
tember 19,  1963). 

Kombia   angulata   Humes,    1962 

This  copepod  has  been  previously  known 
only  from  Psammocora  sp.  in  Madagascar 
(Humes,  1962).    New  host  records  are: 

1)  From  Porites  (s.  g.  Synaraea)  sp.:  19 
females  and  43  males  in  1  m,  Pte.  Ambar- 
ionaomby, Nosy  Komba,  November  28, 
1963;  28  females  and  28  males  in  1  m,  Pte. 
Lokobe,  Nosy  Be,  November  29,  1963;  6 
females  and  32  males  in  2  m,  northern  end 
of  Nosy  Sakatia,  an  island  close  to  the 
western  shore  of  Nosy  Be,  August  19,  1963; 
4  females  in  1  m,  Ambariobe,  near  Nosy  Be, 
September  17,  1963;  10  females  and  14 
males  in  2  m,  northern  end  of  Nosy  Saka- 
tia, September  18,  1963;  8  females  and  10 
males  in  1  m,  Pte.  de  Tafondro,  Nosy  Be, 
October  2,  1963;  102  females  and  153  males 
in  1  m,  Pte.  Lokobe,  November  30,  1963; 
and  7  females  and  8  males  in  1-2  m,  Ankify, 
on  the  mainland  of  Madagascar,  near  Nosy 
Komba,  December  30,  1963. 

2)  From  Porites  sp.  cf.  P.  nigresccns 
Dana:  1  female  and  1  male  in  1  m,  Pte.  de 
Tafondro,  September  19,   1963. 

3)  From  Porites,  young  colony:  3  fe- 
males and  5  males  in  1  m,  Pte.  de  Tafondro, 
September  19,  1963. 

Although  Humes  ( 1962 )  indicated  that 
the  genus  Kombia  shoidd  probably  be 
placed  in  the  Xarifiidae,  it  would  now  seem 


372         Bulletin  Miificiini  uf  Comparative  Zoology,  Vol.  136,  No.  10 


that  Komhia  belongs  instead  to  the  Licho- 
molgidae.  The  diseovery  of  certain  new- 
genera  of  the  Lichoinolgidae  since  1962 
has  widened  our  concept  of  tlie  family. 
The  mouthparts  of  Komhia  are  essentialh 
lichoinolgid  in  form,  though  the  flagelhim 
of  the  mandible  is  relatively  short  com- 
pared to  most  otlier  genera.  A  somewhat 
similar  short  flagellum  is  present  in  other 
lichomolgids,  for  example,  MonomoIii,iis 
unihastaius  Humes  and  Frost,  1964,  and 
Rhijnchomoh^u.s  comUophiJus  Humes  and 
Ho,  1967a.  The  tendency  in  Komhia  tow  ard 
reduction  of  legs  1-5,  beginning  at  the  pos- 
terior end  of  the  series,  is  seen  also  in 
Rhynchomolgiis  (where  it  is  even  more 
strongly  expressed).  Since  the  limits  of 
the  Lichomolgidae,  as  we  see  them,  now 
include  such  transformed  genera  as  Wiyn- 
chomol^us,  it  does  not  seem  inconsistent 
to  include   KomJ)iu   in   this  family. 

PRIONOMOLGUS    n.   gen. 

Type  and  only  known  species:     Prionomol- 
gus   lanceolafus   n.   sp. 

Body  cyclopoid.  Segment  of  leg  1  in  fe- 
male separated  from  head  by  a  dorsal  and 
lateral  furrow%  in  male  lacking  this  separa- 
tion. Urosome  5-segmented  in  female,  6- 
segmented  in  male.  Caudal  ramus  with  six 
setae.  First  antenna  7-segmented,  with  li- 
chomolgid  setation.  Second  antenna  3-seg- 
mented.  Mouthparts  lichomolgid.  Man- 
dible with  proximal  region  ha\  ing  two 
strongly  serrated  lobes  on  concave  edge; 
flagellum  relatively  short.  Paragnath  a 
small  nearly  naked  lobe.  First  maxilla  with 
three  setae.  Second  maxilla  2-segmented. 
Maxilliped  in  female  3-segmcnted,  in  male 
4-segmentcd  (fourth  segment  probably 
lorming  part  ol  tenin'nal  chiw  ). 

Legs  1-4  with  3-segmented  rami,  excej)! 
for  endopod  of  leg  4  which  is  2-segmented. 
Leg  1  ill  lualc  showing  sexual  dimorphism, 
formula  lor  last  segment  of  endopod  being 
1,  I,  4,  instead  ol  1,  5  as  in  leuiale.  Fiido- 
pod  of  leg  4  with  formula  0-1;  I.  Leg  5 
with  free  segment  bearing  two  ternn'nal 
setae. 


Other  features  as  in  the  species  described 
below. 

Associated  with  madreporarian  corals. 

Gender   masculine. 

EtymoIo<iy. — The  generic  name  is  a  com- 
bination of  npuov  =  a  saw  ( alluding  to  the 
serrated  lobes  on  the  mandible )  and 
/xaAyo«  =  a  sack  made  of  leather. 

Prionomolgus   lonceolatus   n.   gen.,    n.   sp. 
Figs.    183-210 

Type  material. — 31  females,  67  males, 
and  23  copepodids  from  Paehyseris  speci- 
osa  (Dana)  in  a  depth  of  3  m,  Pte.  Am- 
barionaomby.  Nosy  Komba,  near  Nosy  Be, 
Madagascar.  Collected  September  3,  1963. 
Holotype  female,  allotype,  and  79  paratypes 
( 25  females  and  54  males )  deposited  in 
the  United  States  National  Museum,  13 
paratypes  ( 3  females  and  10  males )  in  the 
Museum  of  Comparative  Zoology,  and  the 
remaining  paratypes  in  the  collection  of 
A.  CJ.  Humes. 

Other  specimens  ( all  from  Paehyseris 
speciosa  in  2  m,  Ambariotsimaramara,  an 
islet  on  the  southern  shore  of  Nosy  Be, 
between  Pte.  Mahatsinjo  and  Ampombil- 
ava). — 6  females,  9  males,  and  4  copepo- 
dids, October  18,  1963;  2  females  and  1 
male,  June  12,  1964. 

Female.— Body  (Fig.  183)  with  flat- 
tened and  broadened  prosome.  Length 
1.36  mm  (1.26-1.42  mm)  and  greatest 
width  0.85  mm  (0.77-0.91  mm),  based  on 
10  specimens.  Ratio  of  length  to  width  of 
prosome  about  1:1.  Segment  of  leg  1  sep- 
arated from  lK>ad  dorsalK'  and  laterally  by 
a  lurrow.  Epimeral  areas  of  segments  of 
legs  1-3  expanded,  those  of  segment  of 
leg  4  short  and  pointed. 

S(>ginen(  of  leg  5  (Fig.  184)  55  X  263  /x. 
Between  this  segment  and  genital  segment 
no  Neutral  intersegmental  sclerite  discern- 
ible. Cienital  segment  broadened  in  its  an- 
teiior  lourth  and  tapered  posteriorly,  its 
greatest  dimensions  being  166  X  245  /a, 
w  idei-  than  long.  Areas  of  attachment  of 
egg  sacs  situated  dorsolaterally,  each  area 
(Fig.   185)    with   two   uiinute   setae  5  n   in 
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length.  Three  postgenital  segments  83  X 
92,  68  X  88,  and  78  x  90  /x  from  anterior 
to  posterior.  Anal  segment  with  a  row  of 
minute  spinules  along  its  posteroventral  mar- 
gin on  each  side  and  two  short  rows  of 
similar  spinules  posterodorsally  near  in- 
sertion of  ramus   (see  Figure  186). 

Caudal  ramus  ( Fig.  186 )  moderately 
elongated,  100  X  39  /*,  2.56  times  longer 
than  wide.  Outer  lateral  seta  100  /x  and 
naked,  outermost  terminal  seta  105  /x  with 
a  few  proximal  hairs,  innermost  terminal 
seta  113  /A  with  proximal  hairs.  Two  long 
median  terminal  setae  340  /x  (inner)  and 
230  IX  (outer),  both  with  very  short  bar- 
bules  along  their  midregions.  Dorsal  pedi- 
cellate seta  short,  40  /x,  and  haired.  Dorscil 
and  ventral  surfaces  of  ramus  with  shoil^ 
hairs  and  refractile  points. 

Dorsal  surface  of  prosome  with  many  re- 
fractile points  and  a  few  hairs;  dorsal  and 
ventral  surfaces  of  urosome  with  a  fevv' 
refractile  points.  Ratio  of  length  of  pro- 
some  to  that  of  urosome  1.84:1. 

Egg  sac  ( Fig.  187 )  oval,  363  x  242  /x, 
containing  about  15  eggs,  each  94-104  /x  in 
diameter. 

Rostral  area  (Fig.  188)  weakly  devel- 
oped, without  a  definite  posteroventral  mar- 
gin. 

First  antenna  (Fig.  189)  slender,  376  //, 
long,  and  7-segmented,  with  a  sclerite  on 
third  segment  suggesting  an  intercalary 
segment.  Lengths  of  segments:  42  (86  /x 
along  anterior  margin),  141,  26,  42,  39,  27, 
and  15  /x  respectively.  Formula  for  arma- 
ture: 4,  13  (5  +  2  -h  6),  6,  3,  4  +  1  aesthete, 
2  +  1  aesthete,  and  7  +  1  aesthete,  as  in 
many  species  of  Lichomolfius.  Several 
setae  on  last  three  segments  distally  haired 
as  in  figure. 

Second  antenna  (Fig.  190)  slender  and 
3-segmented,  the  last  segment  represent- 
ing the  fusion  of  two  original  segments 
(dual  nature  of  this  segment  indicated  by 
presence  of  three  small  setae  correspond- 
ing to  those  usually  found  on  segment  3 
in    other   lichomolgids ) .     Armature:     1,    1, 


3  +  1  +  1  small  hyaline  element.    Terminal 
claw  short,  about  24  /x  along  its  axis. 

Labrum  ( Fig.  191 )  with  two  posteroven- 
tral lobes  having  broad  medial  hyaline 
margins. 

Mandible  (Fig.  192)  with  proximal  re- 
gion separated  into  two  parts  by  a  con- 
striction. Distal  area  beyond  constriction 
having  on  its  convex  side  a  short  row  of 
spinules  followed  by  a  triangular  process 
and  then  by  a  row  of  small  spinules;  on  its 
concave  side  two  lobes  with  strongly  ser- 
rated margins.  Flagellum  relatively  short 
with  lateral  serrations.  Paragnath  (Fig. 
193)  a  small  lobe,  naked  except  for  a  single 
small  setule.  First  maxilla  (Fig.  194)  hav- 
ing three  elements  with  serrated  flanges. 
Second  maxilla  (Fig.  195)  2-segmented. 
First  segment  unarmed.  Second  segment 
with  its  outer  ( ventral )  margin  bearing  a 
minute  proximal  spinule  and  a  distal  spi- 
nulose  seta,  with  its  inner  (dorsal)  margin 
carrying  a  blunt  seta  with  hyaline  lamel- 
lae; terminal  lash  with  long  proximal  spi- 
nules and  distal  serrations.  Maxilliped  (Fig. 
196)  3-segmented;  first  segment  unanned, 
second  with  two  sparsely  barbed  inner 
setae,  and  third  with  two  setae  (one  small 
and  naked,  the  other  larger  and  barbed) 
and  terminating  in  a  slender  barbed  spini- 
form  process. 

Area  between  maxillipeds  and  first  pair 
of  legs  (Fig.  188)  not  protuberant;  a  sclero- 
tized  line  between  bases  of  maxillipeds. 

Legs  1-4  (Figs.  197,  198,  199,  and  200) 
with  trimerous  rami,  except  for  endopod  of 
leg  4  which  is  2-segmented.  Armature  as 
follows: 


Pi  protopod  0-1:  1-0 

P..  protopod  0-1:1-0 

P.  protopod   0-1;  1-0 

P.  protopod  0-1;  1-0 


exp  I-O;  I-l;  III,  I,  4 
end  0-1;  0-1;  I,  5 
exp  I-O:  I-l;  III,  I,  5 
end  0-1;  0-2:  I,  II,  3 
exp  I-O:  I-l;  III,  I,  5 
end  0-1;  0-2;  1,11,2 
exp  I-O;  I-I:  II.  1,  5 
end  0-1; I 


Inner  coxal  seta  long  and  haired  in  legs 
1-3,  but  in  leg  4  only  6  /x  long  and  naked. 
Hairs  on  inner  margin  of  basis  in  all  four 
legs.   Outer  spines  on  exopod  of  leg  1  with 
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coarseh'  spinulose  lamellae  and  having  fla- 
gella;  those  of  legs  2-4  with  finely  spinn- 
lose  lamellae  and  without  flagella.  Endo- 
pod  of  leg  4  ( Fig.  201 )  with  hairs  along 
outer  margins  of  both  segments.  First  seg- 
ment 22  X  14  ^  (greatest  dimensions),  its 
plumose  inner  seta  56  /x  long.  Seeond  seg- 
ment 26  X  9 /A  (greatest  dimensions),  some- 
what narrowed  distally,  its  single  terminal 
spine  33  /<  long  with  narrow  hyaline  lamel- 
lae. 

Leg  5  (Fig.  202)  having  a  moderately 
elongated  free  segment  84  /x  long,  25  /x  wide 
at  the  level  of  proximal  inner  expansion 
and  17  /x  wide  halfway  from  the  outer  mar- 
ginal notch  to  the  end.  Two  terminal 
naked  setae  60  and  77  ^i  in  length.  Outer 
surface  of  segment  with  small  spinules. 
Seta  on  body  near  free  segment  77  /x  long 
and  naked;  a  row  of  spinules  near  this  seta. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  (see  Fig- 
ure 185). 

Color  in  life  in  transmitted  light  trans- 
lucid,  eye  dark  red,  egg  sacs  gray. 

Mole.— Body  (Fig.  203)  with  broad 
flattened  prosome  nearly  as  in  female. 
Length  1.04  mm  (0.99-1.08  mm)  and 
greatest  width  0.53  mm  (0.49-0.55  mm), 
based  on  10  specimens.  Ratio  of  length  to 
width  of  prosome  1.12:1.  Segment  of  leg  1 
not  separated  from  head  by  a  furrow.  Ep- 
imeral  areas  of  metasomal  segments  as  in 
female. 

SegnKMit  of  leg  5  ( Fig.  204 )  26  X  172  /,.. 
Between  this  segment  and  g(>nital  segmcMit 
no  ventral  intersegmental  sclerite.  (ienital 
segment  broader  than  long,  208  X  270  /x, 
its  lateral  borders  sclerotized  and  rounded 
anteriorly  iiut  hvalinc  and  crenatcd  pos- 
teriorly. Four  postgenital  segments  36  X 
70,  42  X  67,  40  x  63,  and  61  x  67  /,  from 
ant(Mior  to  posterior. 

(>audal  ramus  resembling  lliat  ol  female, 
but  smaller,  88  X  31  /x,  with  hairs  on  setae 
fewer  than  in  female  (see  Figure  204). 

Dorsal  and  ventral  surfaces  ol  body  orna- 
mented as  in  h-malc.  Hatio  ol  length  ol 
prosome  to  that   ol   iirosonic   1.33:1. 


Rostral  area  like  that  of  female. 

First  antenna  segmented  and  anned  as 
in  female,  but  two  aesthetes  added  on  seg- 
ment 2  and  one  on  segment  4,  so  that  for- 
mula is  4,  13  -f  2  aesthetes,  6,  3  +  1  aes- 
thete, 4+1  aesthete,  2  +  1  aesthete,  and 
7  +  1  aesthete.  Second  antenna,  labrum, 
mandible,  paragnath,  first  maxilla,  and  sec- 
ond maxilla  as  in  female.  Maxilliped  ( Fig. 
205)  slender  and  4-segmented,  assuming 
that  the  proximal  part  of  claw  represents 
a  fourth  segment.  First  segment  unarmed, 
second  with  two  naked  setae  and  two  rows 
of  spinules  on  its  inner  surface,  third  small 
and  unarmed.  Claw  elongated,  slender, 
and  recurved,  196  /jl  along  its  axis  ( includ- 
ing terminal  lamella),  with  weak  indica- 
tion of  division  about  midway;  proximally 
with  two  unequal  setae,  the  smaller  seta 
naked,  the  larger  with  distal  spinules. 

Area  between  maxillipeds  and  first  pair 
of  legs  as  in  female. 

Legs  1-4  segmented  and  armed  as  in 
female,  except  for  last  segment  of  endopod 
of  leg  1  where  formula  is  I,  I,  4  (Fig.  206), 
instead  of  I,  5  as  in  female.  Endopod  of 
leg  4  ( Fig.  207 )  with  second  segment  rel- 
atively shorter  than  in  female;  first  seg- 
ment 15  X  11  ^,  with  its  plumose  inner 
seta  41  /x,  and  second  segment  17.5  X  8  /x, 
with  its  terminal  spine  28  /x. 

Leg  5  ( Fig.  208 )  with  free  segment  42  X 
9  /x,  lacking  an  inner  proximal  expansion, 
with  outer  marginal  notch  less  e\'ident  than 
in  female,  and  with  fewer  outer  spinules 
than  in  opposite  sex.  Two  terminal  setae 
28  and  48  /x;  seta  on  body  near  insertion 
of  free  segment  56  /<. 

Leg  6  (Fig.  209)  consisting  of  a  postero- 
ventral  flap  on  genital  segment,  bearing 
two  slender  naked  setae  33  and  38  fx.  long. 

Sp{>rmatophore  (Fig.  210),  attached  to 
female  in  a  pair,  about  200  x  95  ^t  (  not  in- 
cluding the  neck). 

Color  in  life  similar  to  that  of  female. 

Eft/moloiiy. — The  specific  name  lancco- 
Uttus,  from  the  Latin  word  Uinccola  —  a 
small  lance,  refers  to  the  single  terminal 
spine  oil  the  endopod  of  leg  4. 
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Comparison  with  other  lichoynolgicls. — In 
the  Lichomolgidae  eight  genera  have  a  2- 
segmented  endopod  in  leg  4.  These  are: 
lAchomoh^us  Thorell,  1860,  EpimoJous 
Bocquet  and  Stock,  1956,  Gekistomolgiis 
Humes,  in  press,  Inc}omoI<s,iis  Humes  and 
Ho,  1967c,  Lichomoh^ides  Gotto,  1954, 
Monomoliius  Humes  and  Frost,  1964,  Na- 
somoJ<iiis  Sewell,  1949,  and  Stellicola  Koss- 
mann,  1877.  (Mocrochiron  Brady,  1872, 
has  a  1-segmented  endopod  which  may  be 
partially  divided.)  Of  these  only  Gelasto- 
molgus  has  the  formula  for  the  endopod  of 
leg  4  as  0-1;  1,  thus  resembling  F.  lanceo- 
latus. 

The  new  genus  and  species  differs,  how- 
ever, from  Gelastomoh^us  spondijli  Humes, 
in  press,  in  several  important  respects.  In 
G.  spondyli  the  body  fonn  is  rather  modi- 
fied from  the  usual  cyclopoid  type,  the  sec- 
ond antenna  is  4-segmented,  the  mandible 
has  a  broad  elongated  blade  and  lacks  ser- 
rated lobes,  the  maxilliped  of  the  female  is 
apparently  2-segmented  and  much  modi- 
fied, and  leg  1  has  the  same  formula  in 
both  sexes. 

The  mandible  of  P.  hnccolafus,  although 
basically  lichomolgid  in  form,  differs  from 
that  in  all  other  genera  in  the  family.  In 
no  other  genus  do  the  two  lobes  on  the 
concave  side  of  the  basal  part  of  the  man- 
dible possess  strongly  serrated  margins;  in 
those  genera  where  such  lobes  occur  they 
are  ornamented  with  spinulcs  or  hairs. 

Since  there  seems  to  be  no  known  genus 
in  the  Lichomolgidae  which  could  receive 
the  new  species  from  Pachyseris  without 
radically  broadening  the  generic  concept, 
we  have  concluded  that  the  species  repre- 
sents a  new  genus,  basing  our  judgment 
primarily  on  the  nature  of  the  mandible 
and  the  form  and  armature  of  the  endopod 
of  leg  4. 

HAPLOMOLGUS   n.   gen. 

Type  and  only  known  species:    IHaplomol- 
gus  montiporae  n.  sp. 

Body  cyclopoid.  Segment  of  leg  1  fused 
with   head.     Urosome   5-segmented   in   fe- 


male, 6-segmented  in  male.  Caudal  ramus 
with  six  setae.  First  antenna  7-segmented, 
with  lichomolgid  setation.  Second  antenna 
4-segmented.    Mouthparts   lichomolgid. 

Legs  1-4  with  3-segmented  rami,  except 
for  endopod  of  leg  4  which  is  composed  of 
a  single  unarmed  segment,  often  bearing 
a  small  rounded  terminal  lobe.  Leg  5  with 
a  large  free  segment  anned  with  two  termi- 
nal setae. 

Other  features  as  in  the  species  described 
below. 

Associated  with  madreporarian  corals. 

Etymolo<i\i. — The  generic  name  is  a  com- 
bination of  (ittAoos  =  single  ( alluding  to  the 
1-segmented  unarmed  endopod  of  leg  4) 
and  /xoAyo's  =  a  sack  made  of  leather.  Gen- 
der masculine. 

Haplomolgus   montiporae   n.   gen.,   n.   sp. 
Figs.  211-240 

Type  material. — 147  females  and  81 
males  from  Montipora  sinensis  Bernard  in 
a  depth  of  1  m,  Nosy  Taolankena,  a  small 
island  on  the  northwestern  side  of  Nosy 
Be,  Madagascar.  Collected  November  15, 
1963.  Holotype  female,  allotype,  and  140 
paratypes  (90  females  and  50  males)  de- 
posited in  the  United  States  National  Mu- 
seum, 45  paratypes  (30  females  and  15 
males)  in  the  Museum  of  Comparative 
Zoology,  and  the  remaining  paratypes  in 
the  collection  of  A.  G.  Humes. 

Other  specimens. — From  Montipora  sp.: 
58  females  and  19  males  in  1  m,  west  of 
Pte.  de  Tafondro,  Nosy  Be,  December  3, 
1963;  165  females  and  66  males  in  3  m, 
western  side  of  Nosy  Komba,  near  Nosy 
Be,  October  19,  1964.  From  Montipora  sp. 
cf.  M.  stelkita  Bernard:  27  females  and  12 
males  in  2  m,  Ampombilava,  Nosy  Be, 
September  26,  1964. 

Female. — Body  (Fig.  211)  rather  slender, 
with  prosome  moderately  thickened  dorso- 
ventrally.  Length  0.86  mm  ( 0.83-0.89  mm ) 
and  greatest  width  0.27  mm  (0.26-0.29  mm), 
based  on  10  specimens.  Ratio  of  length  to 
width  of  prosome  1.5:1.  Segment  of  leg  1 
not  separated  from  head.    Epimeral  areas 
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of  metasomal  segments  only  nioderately  ex- 
panded. 

Segment  of  leg  5  (Fig.  212)  101  x  146  /x. 
Genital  segment  112  x  96  /x,  only  a  litde 
longer  than  wide  and  slightly  wider  in  its 
anterior  half  than  posteriorly.  Areas  of 
attaehment  of  egg  sacs  located  dorsally, 
each  area  ( Fig.  213 )  with  two  small  setae 
4  fx  long.  Three  postgenital  segments  ( Fig. 
214 )  65  X  65,  78  x  55,  and  37  x  55  ^,  from 
anterior  to  posterior,  the  middle  segment 
being  the  longest.  Edge  of  anal  operculum 
with  a  row  of  minute  spinules. 

Caudal  ramus  ( Fig.  215 )  moderately 
elongated,  48  X  21  fx,  about  2.3  times  longer 
than  wide.  Outer  lateral  seta  54  /x,  outer- 
most terminal  seta  58  /x,  innermost  terminal 
seta  77  jx.  Two  long  median  terminal  setae 
218  /x  (inner)  and  156  /x  (outer).  Dorsal 
pedicellate  seta  73  /x.  All  setae  naked.  A 
few  hairs  on  dorsal  surface  of  ramus. 

Dorsal  surface  of  prosome  and  urosome 
with  a  few  hairs.  Ratio  of  length  of  pro- 
some  to  that  of  urosome  1.21:1. 

Egg  sac  (Fig.  211)  approximately  215  X 
133  /x,  containing  two  large  eggs  107-133  /x 
in  diameter. 

Rostrum  (Fig.  216)  well  formed,  extend- 
ing as  a  tongue-shaped  raised  area  between 
bases  of  antennae.  Between  rostrum  and 
labruiu  a  small  raised  keel-like  area. 

First  antenna  ( Fig.  217 )  slender,  203  /x 
long,  and  7-segmented.  Lengths  of  seg- 
ments: 17  (35  /x  along  anterior  margin), 
64,  18.  19,  30,  22,  and  15  /,.  respectively. 
Formula  for  armature:  4,  13  (5  +  2+6), 
6,  3,  4  +  1  aesthete,  2  +  1  aesth(>t(>,  and  7  + 
1  aesthete,  as  in  many  lichomolgids.  All 
setae  naked. 

Second  antenna  (Fig.  218)  4-segmented. 
Armature:  1,  1,  3,  I.  Last  seguuiit  28  /x 
along  outer  side,  15  /x  along  inner  side. 
T(M'miiial  claw  23  /i  along  its  axis. 

Labrum  (Figs.  216  and  219)  with  its 
free  edge  ha\'iug  two  widely  dixcrgcut  nar- 
row lobes.  Immediately  dorsal  (o  postero- 
median area  ol  labiiini  two  pairs  ol  small 
spiiiiloi  III    i)rocesses. 

Mandible   (Fig.  220)   with   an   iinnsualK 


slender  proximal  part  and  broadened  distal 
part,  the  two  areas  separated  by  a  con- 
stricted neck.  Distal  part  bearing  on  its 
convex  side  a  large  pointed  posteriorly 
directed  process  ( partly  hyaline )  followed 
by  a  row  of  small  serrations,  and  on  its 
concave  side  two  lobes,  each  with  a  row 
of  slender  and  slightly  obtuse  spinules. 
Flagellum  moderately  long,  with  lateral 
spinules  distally.  Paragnath  ( Fig.  221 )  a 
small  lobe  with  a  few  hairs.  First  maxilla 
( Fig.  222 )  a  single  segment  with  four 
elements,  three  finely  spinulose  setae  and 
a  smaller  naked  seta.  Second  maxilla  ( Fig. 
22.3)  2-segmented.  First  segment  with  a 
minute  spinule.  Second  segment  bearing 
on  its  outer  (ventral)  margin  a  minute 
proximal  spinule  and  a  distal  lamellate 
seta  and  on  its  inner  (dorsal)  margin  a 
seta  with  a  row^  of  minute  spinules;  termi- 
nal lash  with  a  row  of  dentiform  spinules 
becoming  more  slender  distalK'.  Maxilli- 
ped  (Fig.  224)  3-segmented;  first  segment 
unarmed,  second  with  two  \'ery  unecjual 
setae,  and  third  with  two  setae  (one  large 
and  barbed,  the  other  small  and  naked) 
and  terminating  in  a  barbed  spiniform  proc- 
ess. 

Area  between  maxillipeds  and  first  pair 
of  legs  not  protuberant  and  formed  as  in 
Figure  216.  ImmediateK  anterior  to  this 
area  and  between  second  maxillae  a  me- 
dian minutelv  setose  lobe. 

Legs  1-4  (Figs.  225,  226,  227,  and  228) 
with  trimerous  rami,  except  for  endopod  of 
leg  4  which  has  only  a  single  segment. 
Armature  as  follows: 

P,        protopod    0-1;    1-0  txp    1-0;    1-1;    III,   I,   4 

(Mid  O-I:  O-l;  I,  5 
1\.     protopod    0-1:  I-O        exp  I-O;  I-l:  III,  I,  5 

end  0-1;  0-2;  I.  II,  3 
V.      protopod    0-1;  1-0        rxp   I-O;   I-l;  11,  I.  5 

end  0-1;  0-2;  II,  2 

P,        protopod     O-I;    1-0  f\p    I-O;    I-l;    II.    1.    5 

end  0 

inner  eoxal  si'ta  long  and  haired  in  legs 
1-3,  but  in  leg  4  onl\-  7  /i  long  and  naked. 
I  lairs  on  inner  margin  of  basis  in  all  foiu" 
legs.  iMidopod  of  leg  3  (  Fig.  227 )  with 
last   segment    having   formula   of    II,   2.    in- 
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stead  of  I,  II,  2  as  often  seen  in  other 
liehomolgid  genera.  Endopod  of  leg  4 
( Fig.  229 )  a  single  small  unarmed  segment 
17  X  9  ^,  bearing  a  few  outer  hairs.  Often 
on  this  endopod  a  small  distal  hyaline  lobe 
is  present  (Figs.  230  and  231),  probably 
not  representing  a  segment. 

Leg  5  ( Fig.  232 )  with  a  broad  free  seg- 
ment 85  X  40  fx,  its  inner  surface  slightly 
concave,  and  armed  with  two  terminal 
naked  setae  39  and  44  jj,  long.  Between 
these  two  setae  a  patch  of  minute  spinules. 
Seta  on  body  near  free  segment  46  fi  and 
naked. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  ( see  Fig- 
ure 213). 

Color  in  life  in  transmitted  light  slightly 
amber,  eye  red,  egg  sacs  grayish  black. 

Male. — Body  (Fig.  233)  resembling  in 
general  form  that  of  female.  Length  0.87 
mm  ( 0.81-0.90  mm )  and  greatest  width 
0.28  mm  (0.27-0.29  mm),  based  on  10 
specimens.  Ratio  of  length  to  width  of 
prosome  1.43:1.  Segment  of  leg  1  fused 
with  head.  Epimeral  areas  of  metasomal 
segments  as  in  female. 

Segment  of  leg  5  (Fig.  234)  49  x  112  /^. 
Genital  segment  169  X  156  p.,  only  slightly 
longer  than  wide,  its  lateral  borders  gently 
rounded  in  dorsal  view.  Four  postgenital 
segments  44  X  56,  53  X  51,  63  X  48,  and 
34  X  51  yu,  from  anterior  to  posterior,  the 
next  to  the  last  segment  being  the  longest, 
as  in  the  female. 

Caudal  ramus  resembling  that  of  female, 
43  X  22  IX. 

Dorsal  surface  of  body  ornamented 
much  like  that  of  female.  Ratio  of  length 
of  prosome  to  that  of  urosome  1:1. 

Rostrum  similar  to  that  of  female. 

First  antenna  segmented  and  armed  as  in 
female,  but  two  aesthetes  added  on  seg- 
ment 2  and  one  on  segment  4  (their  positions 
indicated  by  arrows  in  Figure  217),  so  that 
formula  is  4,  13  -i-  2  aesthetes,  6,  3  -I-  1  aes- 
thete, 4  -h  1  aesthete,  2  -h  1  aesthete,  and 
7  -f  1  aesthete.  Second  antenna,  labrum, 
mandible,  paragnath,  first  maxilla,  and  sec- 


ond maxilla  as  in  female.    Maxilliped  ( Fig. 

235)  slender  and  4-segmented,  assuming 
that  the  proximal  part  of  claw  represents  a 
fourth  segment.  First  segment  unarmed, 
second  with  two  naked  setae  and  two  rows 
of  spinules  on  its  inner  surface,  third  small 
and  unarmed.  Claw  long,  slender,  and  re- 
curved, 156  fx  along  its  axis,  with  weak  in- 
dication of  division  about  midway.  Proxi- 
mal part  of  claw  with  two  unequal  setae, 
the  smaller  seta  naked,  the  larger  with  dis- 
tal spinules;  terminal  lamella  long  and  nar- 
row. 

Area  between  maxillipeds  and  first  pair 
of  legs  as  in  female.  Small  median  lobe 
between  second  maxillae  as  in  that  sex. 

Legs  1-4  segmented  and  armed  as  in  fe- 
male, but  slight  sexual  dimorphism  in  endo- 
pods  of  legs  1-3.    Endopod  of  leg  1  (Fig. 

236)  with  third  segment  relatively  longer 
than  in  female  and  with  outermost  seta 
short  (less  than  length  of  segment).  Endo- 
pod of  leg  2  ( Fig.  237 )  with  third  segment 
broader,  two  terminal  spiniform  proc- 
esses longer,  and  inner  terminal  spine  rela- 
tively shorter  than  in  female.  Endopod  of 
leg  3  (Fig.  238)  with  third  segment  rela- 
tively shorter  and  broader  than  in  female. 
Endopod  of  leg  4  as  in  female.  Outer  seta 
on  basis  of  leg  1  with  proximal  lateral  hairs. 

Leg  5  ( Fig.  239 )  with  free  segment 
smaller  and  narrower  than  in  female,  24  X 
11  ju.,  its  two  terminal  setae  11  and  28  fx 
long.  Three  small  patches  of  minute  spin- 
ules as  indicated  in  figure.  Seta  on  body 
near  base  of  free  segment  60  fx  long.  All 
setae  naked. 

Leg  6  (Fig.  240)  a  posteroventral  flap 
on  genital  segment,  bearing  two  naked 
setae  31  and  38  fx  long. 

Spermatophore  not  observed. 

Color  in  life  as  in  female. 

Etymology. — The  specific  name  moiti- 
porae  is  based  on  the  generic  name  of 
the  host. 

Comparison  with  other  lichomolgicls. — 
We  interpret  the  endopod  of  leg  4  of  Haj)- 
lomolgus  as  being  1-segmented,  though  the 
presence  in  somc^  specimens  of  a  small  hya- 
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line  terminal  lobe  might  suggest  a  reduced 
second  segment.  This  lobe  is  not  always 
present,  however.  In  three  females  and  one 
male  it  was  seen  on  both  endopods,  in  five 
females  and  five  males  on  only  one  endo- 
pod,  and  in  two  females  and  one  male  it 
was  absent. 

There  are  five  lichomolgid  genera  in 
which  the  endopod  of  leg  4  is  1-segmented, 
namely,  KcUcria  Gurney,  1927,  Lichomol- 
gelh  Sars,  1918,  Octopicola  Humes,  1957, 
Panimacrochiron  Sewell,  1949,  and  P.'scu- 
dantlicssius  Glaus,  1889.  In  these,  however, 
the  endopod  is  elongated  and  always  pro- 
vided with  setae  or  spines,  while  in  Haplo- 
mol<ius  the  endopod  is  rather  oval  and 
unarmed  ( the  few  minute  hairs  along  the 
outer  margin  being  regarded  as  ornamen- 
tation rather  than  as  armature).  The  man- 
dible in  these  five  genera  does  not  have  the 
large  pointed  posteriorly  directed  process 
seen  in  HapJomol<ius. 

In  Ih'tcmnthcssius  T.  Scott,  1903,  the 
endopod  of  leg  4  is  reduced  to  a  minute 
knob,  leg  5  is  rudimentary  with  only  two 
setae,  and  the  mandible  lacks  the  large 
process   characteristic  of   Ilaplomoliius. 

On  the  basis  of  the  nature  of  the  endo- 
pod of  leg  4  the  new  genus  appears  to 
occupy  a  position  between  the  group  of 
five  genera  mentioned  above  and  Ilcteran- 
thes.siu.s-.  The  unarmed  1-segmented  endo- 
pod of  leg  4  serves  to  distinguish  lhi])l()- 
mol'^us  from  all  other  lichomolgid  genera 
known  to  us. 

RAVAHINA   n.   gen. 

Type   and    only    known    species.-     Ravahina 
fumida   n.  sp. 

Female. — l^ody  transformed,  with  swol- 
len prosome.  Segment  of  leg  1  \\{>akl\ 
delimited  from  head.  Ihosome  5-seg- 
mented.  (>audal  ramus  with  six  elements. 
First  antenna  7-segmented.  Second  antenna 
4-segmented.  Mouthparts  lic-homolgid. 
Mandible  with  a  small  t(  riiiiiial  spinilonn 
process  apparently  representing  a  iinuli 
reduced  llugclliiiii.    I'^irst  maxilla  with  three 


elements.  Second  maxilla  2-segmcnted. 
Maxilliped  3-segmented. 

Legs  1  and  2  with  3-segmented  rami; 
legs  3  and  4  with  3-segmented  exopods  but 
endopods  represented  only  by  a  small  un- 
segmented  knoblike  process.  Leg  5  with 
free  segment  bearing  two  terminal  setae. 

Other  features  as  in  the  species  described 
below. 

Associated    with    madreporarian    corals. 

Male. — Unknown. 

Etiimolu<nj. — The  generic  name  is  formed 
from  Ravahiny,  the  name  of  a  queen  of 
the  Sakalava,  who  reigned  at  Majunga  in 
Madagascar  about  1800.    Gender  feminine. 

Ravahina   fumida    n.   gen.,    n.   sp. 
Figs.   241-259 

Type  material. — 2  females  from  Porites 
sp.  cf.  P.  andrewsi  Vaughan  in  a  depth  of 
2  m,  Pte.  Lokobe,  Nosy  Be,  Madagascar. 
Gollected  September  2,  1960.  One  of  these 
females  is  the  holotype,  the  other  (dis- 
sected) a  paratype.  Also  one  paratypic  fe- 
male and  one  immature  specimen  from 
Porites  sp.  cf.  P.  andrewsi  in  3  m,  Pte.  de 
Tafondro,  Nosy  Be  (about  five  kilometers 
east  of  Pte.  Lokobe).  Gollected  Septem- 
ber 28,  1960.  Holotype  and  one  paratype 
deposited  in  the  United  States  National 
Museum,  dissected  paratype  and  immature 
specimen  in  the  collection  of  A.  G.  Humes. 

Other  speeimen. — 1  female  from  Porites 
sp.  cf.  P.  andreicsi  in  2  m,  Pte.  de  Tafon- 
dro, August  29,  1960. 

Feiiiale.— Body  (Figs.  241  and  242)  with 
expanded  and  swollen  prosome.  Urosome 
relati\'el\-  slender  and  sometimes  con- 
tracted. Dimensions  of  two  imcontracted 
si)ecimcns  1.97  X  1.15  uiui  and  1.67  X  1.10 
nun.  Hatio  of  length  to  width  ol  prosome 
about  1.1:1.  Segment  of  leg  1  weakly  de- 
limited from  head. 

Segment  of  leg  5  (Fig.  243)  91  X  .363 
/'.  GcMiital  s(\gment  l)road,  173  X  363  ^n, 
w  ith  rounded  latt'ral  borders  in  dorsal  \  iew. 
Areas  of  attachment  of  egg  sacs  located 
dorsalK,  each  area  (Fig.  244)  with  two 
minute   setae  3  n    long.    4"hree  postgeuital 
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segments  70  X  213,  73  x  180,  and  104  x 
208  fx  from  anterior  to  posterior,  the  last 
segment  expanded  in  its  posterior  two- 
thirds. 

Caudal  ramus  ( Fig.  245 )  moderately 
elongated,  159  X  65  ^  in  greatest  dimen- 
sions, about  2.45  times  longer  than  wide. 
All  setae  naked  and  all  spiniform  except 
dorsal  pedicellate  seta  which  is  slender  and 
34  ja  long.  Outer  lateral  seta  32  fx,  outer- 
most terminal  seta  28  /x,  innermost  terminal 
seta  18  /A,  and  two  median  terminal  setae 
47  /ji  ( inner )  and  33  fx  ( outer ) .  A  few  small 
hyaline  setules  on  dorsal  surface  of  ramus. 

Dorsal  surface  of  prosome  with  minute 
refractile  irregularities  (Fig.  246)  in  the 
cuticula.  Dorsal  and  ventral  surfaces  of 
urosome  almost  entirely  lacking  ornamenta- 
tion. Ratio  of  length  of  prosome  to  that  of 
urosome   1.85:1. 

Egg  sac  unknown. 

Rostral  area  (Fig.  247)  weakly  devel- 
oped. 

First  antenna  (Fig.  248)  slender,  393  /x 
long,  and  7-segmented.  Lengths  of  seg- 
ments: 24  (64  ^  along  anterior  edge),  106, 
38,  44,  65,  40,  and  36  /x  respectively.  For- 
mula for  armature:  3,  14  (6  +  8),  5,  4,  5, 
2  +  1  aesthete,  and  7  +  1  aesthete.  All  setae 
naked. 

Second  antenna  ( Fig.  249 )  4-segmented. 
Last  segment  77  fx  along  outer  edge,  44  /x 
along  inner  edge.  Annature:  1,  1,  3,  6  +  1. 
Terminal  claw  46  /x  along  its  axis;  adjacent 
long  seta  ( jointed  and  somewhat  spiniform  ) 
56  fx. 

Labrum  (Fig.  250)  with  two  slightly 
truncated    postero ventral   lobes. 

Mandible  (Fig.  251)  with  distal  part 
( beyond  slight  constriction )  bladelike,  its 
convex  side  with  two  small  surficial  lobes 
and  a  distal  marginal  serrated  fringe,  its 
concave  edge  with  a  row  of  prominent 
spines.  Tip  of  mandible  forming  a  small 
spiniform  process,  perhaps  representing 
the  flagellum  usually  present  in  lichomol- 
gids.  Paragnath  not  observed.  First  max- 
illa (Fig.  252)  a  small  lobe  with  three 
terminal    elements.     Second    maxilla    (Fig. 


253)  2-segmented.  First  segment  unarmed. 
Second  segment  with  a  minute  proximal 
setule  on  its  outer  (ventral)  margin,  a 
naked  seta  on  its  distal  anterior  surface, 
and  a  strongly  spinulose  distal  area  on  its 
inner  ( dorsal )  margin,  the  segment  termi- 
nating in  a  lash  (apparently  only  partially 
articulated  with  the  segment)  bearing  a 
row  of  strong  spines.  Maxilliped  (Fig.  254) 
3-segmented;  first  segment  unamied,  sec- 
ond with  two  very  imequal  naked  setae, 
and  third  with  two  barbed  spines  (the 
distal  one  possibly  lacking  an  articulation 
and  thus  being  a  process  rather  than  a 
spine)  and  two  small  naked  setae. 

Area  between  maxillipeds  and  first  pair 
of  legs  not  protuberant.  \\^ithout  sclero- 
tization  between  bases  of  maxillipeds. 

Leg  1  (Fig.  255)  and  leg  2  (Fig.  256) 
with  3-segmented  rami,  leg  3  ( Fig.  257 ) 
and  leg  4  (Fig.  258)  with  3-segmented  exo- 
pods  but  endopods  reduced  to  a  small  proc- 
ess.  Armature  as  follows: 

P,      protopod   0-0;  1-0     exp  I-(l);  I-l;  II,  II,   2 

end  0-0;  0-0;  I,  2 
P..     protopod   0-0;  1-0     exp  I-(2);  I-l;  II,  II,    1 

end  0-0;  0-1;  II 
P.     protopod   0-0;  1-0     exp  I-O;  I-l;  II,  II,  1 

end  — 
F,     protopod  0-0;  1-0    exp  I-O;  I-l;  II,  II 

end  - 

All  four  legs  without  inner  coxal  seta 
and  without  inner  marginal  hairs  on  basis. 
First  segment  of  exopod  of  leg  1  with  an 
inner  setule  (probably  to  be  considered  as 
ornamentation  rather  than  as  a  part  of  the 
armature ) ;  two  such  setules  in  leg  2,  but 
these  setules  absent  in  legs  3  and  4.  Both 
first  and  second  segments  of  endopod  of 
leg  1  and  first  segment  of  endopod  of  leg 
2  lacking  the  inner  seta  usually  seen  in  li- 
chomolgids.  Endopod  of  legs  3  and  4  con- 
sisting of  a  small  knoblike  unornamented 
and  unsegmented  process  lacking  a  defi- 
nite articulation  with  the  basis.  Intercoxal 
plates  in  all  four  legs  wide  and  short  as  in 
legl. 

Leg  5  ( Fig.  259 )  \\  ith  a  moderately 
elongated  free  segment,  73  X  30  /x,  of  some- 
what irregular  outline.  Two  terminal  naked 
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setae  36  and  19  /x  in  length.  Seta  on  body 
near  free  segment  34  /x  and  naked. 

Leg  6  probably  represented  by  the  two 
setae  near  attachment  of  egg  sac  ( see  Fig- 
ure 244). 

Color  in  life  in  transmitted  light  some- 
what opaque,  eye  red. 

Male. — Unknown. 

Etymolo<i,y. — The  specific  name  tiimida, 
from  Latin  =  swollen,  refers  to  the  tumid 
prosome. 

Comparison  with  otlier  lichomoliiids. — 
RavaJiina  tuinida  apparently  belongs  to  the 
family  Lichoniolgidae.  Its  mandible  lacks 
the  long  flagellum  characteristic  of  many 
lichomolgid  genera,  but  shows  a  small  ter- 
minal spiniform  process  which  may  repre- 
sent a  very  reduced  flagellum.  (Reduction 
of  the  flagellum  to  a  lesser  extent  is  seen  in 
lichomolgids  such  as  Monomoh^us  unilias- 
tatus  Humes  and  Frost,  1964,  Komhia  an- 
<j!,ukita  Humes,  1962,  and  Rlujnc]u)mol<i^us 
coraUo])hiUt.s  Humes  and  Ho,  1967a. )  The 
other  mouthparts  are  essentially  lichomol- 
gid in  their  form. 

The  first  antenna  and  legs  1-4  have  an 
armature  somewhat  different  from  that  in 
many  lichomolgid  genera.  However,  in 
certain  transformed  lichomolgid  genera 
such  as  Komhia  Humes,  1962,  Ilcteraufhes- 
siu.s  T.  Scott,  1903,  Rhi/nehomol<j,u.s  Humes 
and  Ho,  1967a,  and  Te)niiomolii,tis  Humes 
and  Ho,  1967c,  the  armatine  of  these  ap- 
pendages may  not  conform  to  the  more 
"typical"  arrangement  seen  in  untrans- 
lonned  lichomolgids  (for  (wample,  Liclio- 
mol^iis  Thorell,   l(S6()j. 

Evidence  for  placing  Ravahiiia  in  the 
Lichoniolgidae  would  be  more  conclusive 
if  the  structure  of  the  male  were  known. 
On  the  basis  of  our  knowledge  of  the  fe- 
male, however,  we  think  that  the  new  genus 
should  be  provisionally  considered  as  be- 
longing  to   the    Lichoniolgidae. 

Kkv  k)  1 1  IK  Skventeex  Cexeha  or 

1  .KiioMoi.ciDAE  Known  i  hom   i  hi    N'k  im  i  ^ 

or  Nosy  Be,  Madac.asc  ah 

1.     T.e^s  1   and  2  willi  both  rami  .l-sctfiiicntcd      2 
I.cj^s    1    and   2   with   oni'   or   both   rami   rc- 
diucd    to    two    segmcnt.s    13 


2.  Leg   3  with   both  rami  3-segmented   3 

Leg  3  with  one  or  both  rami  reduced  „      15 

3.  Leg  4  witli  endopod  3-segmented  4 

Leg  4  with  endopod  of  one  or  two  seg- 
ments      5 

4.  Second   antenna   with    claw   on   third   seg- 

ment;  on   holothurians  

Sc(iiu])iconms  Heegaard,   1944 

Second  antenna  with  terminal  claws  on 
fourth  segment;  in  mantle  cavity  of 
pelecypods    _  .  Mocliolicohi  Aurivillius,  1882 

5.  Leg  4  witli  endopod  2-segmented,  with  a 

distinct    line    of    segmentation    between 

the  segments  6 

Leg  4  with  endopod   1-segmented  16 

6.  Second   antenna   3-segmented   7 

Second   antenna   4-segmented   9 

7.  Second  segment  of  endopod  of  leg  4  with 

two  elements;  third  and  fourtli  segments 
of  second  antenna  fused  to  form  an  ap- 
parent   single    segment;    on   corals    

Licliumolgus  Thorell,   1860    (in  part) 

Second  segment  of  endopod  of  leg  4  with 
one  or  three  elements   8 

8.  Mandible    with     proximal     region    having 

two  outer  serrated  lobes;  second  antenna 
with  a  single  terminal  claw;  second  seg- 
ment of  endopod  of  leg  4  with  a  single 
spine;  on  corals  ___  Priouoviol^us  n.  gen. 
Mandible  witli  proximal  region  having  a 
row  of  setae  or  spines;  second  antenna 
with  1,  2,  or  3  terminal  claws;  second 
segment  of  endopod  of  leg  4  with  three 

elements;    on    asteroids    — 

Stellicola  Kossmann,  1877 

9.  Endopod  of   leg  4  with   a   single   element 

on    second    segment    10 

Endopod  of  leg  4  with  more  than  one  ele- 
ment on  second  segment  1 1 

10.  l'"irst   segment   of  endopod   of  leg   4   with 

an  inner  seta;  body  rather  transformed; 

in   mantle   cavity  of   pelec\pods   

Gchistotnol^us  Humes   (in  press) 

I'^irst  segment  of  endopod  of  leg  4  unarmed; 
body  typicalK   cAclojioid;  on  corals 

Mi)itoiiu>l^us   Humes   and   Erost,    1964 

11.  Endopod    ol    leg   4    with    two   elements   on 

si'cond    st'gment  12 

I'lndopod  of  leg  4  witli  tour  or  five  ele- 
ments (  spines  or  set;ie )  on  last  segment, 

fornnila  \;uiable;  in  /,o;uithids  

liulomol^ti.s  Humes  and  Ho,   1967c 

12.  \\  itii    a    pair   of    setae   on    ;interi()r    part    of 

labnnii;  niaxilliped  in  It'UKile  witli  ;i 
long     slender     last     segnunt;     on     pol>- 

chaetes    NusdiiioI'^us    Sewcll,     1949 

Without  a  pair  ol  setae  on  lahruin;  niaxil- 
liped in  Icuiale  witli  siiort  last  segment; 
in  UKUitli'  ca\it\'  of  ])elec\  pods,  on  se;i 
anemones,     corals,     ;ilc\()nari;nis,     /oan- 
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thids,    midibranchs   

Lichomolgtis  Thorell,   1860   (in  part) 

13.  Both  rami  of  legs  1  and  2  two-segmented; 

in    corals    

__..  Rhynchomolgus  Humes   and  Ho,   1967a 
In    legs    1    and    2    exopods    3-segmented, 
endopods    2-segmented    14 

14.  Endopod  of  leg  3  and  entire  leg  4  absent; 

in    corals   Komhia   Humes,    1962 

Endopod  of  leg  3  present;   leg  4  with  .3- 

segmented   rami;    on    holothurians   

-     males  of  Scambiconnis  Heegaard,   1944 

15.  Leg  3  with  3-segmented  exopod,  endopod 

a  small  process;  in  corals  

females  of  Ravahina  n.  gen. 

Leg  3  represented  only  by  two   setae;   in 

zoanthids      

Temnomolgus  Humes  and  Ho,   1967c 

16.  Leg  5  with   a   distinct  segment   17 

Leg    5    without    a    distinct    segment;    on 

echinoids,   polychaetes   

Pseudanthes.sius   Claus,    1889 

17.  Second    antenna   3-segmented,    with   large 

terminal    denticulated    claw    and    some- 
times an  unguiform  seta;  on  hydroids 

Macrochiron  Brady,   1872 

Second  antenna  4-segmented   18 

18.  Last  segment  of  second  antenna  with  four 

claws;  endopod  of  leg  4  with  three  ele- 
ments;  on   cephalopods   

Octopicola   Humes,    1957 

Last  segment  of  second  antenna  with  one 
claw;  endopod  of  leg  4  unarmed;  on 
corals  Haplomolgus  n.   gen. 
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Figures  1-8.  Lichomolgus  campulus  n.  sp.,  female.  1,  body,  dorsal  (A);  2,  urosome,  dorsal  (B|;  3,  area  of  attachment 
of  egg  sac,  dorsal  (C);  4,  caudal  ramus,  dorsal  (D);  5,  cephalosome,  ventral  (B);  6,  first  antenna,  witfi  arrows  indicating 
positions  of   aesthetes   in   male,   anterodorsal    (E);   7,   second    antenna,   outer   (E);   8,    labrum,   ventral    (E). 
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Figures  9-16.  Lichomolgus  computus  n.  sp.,  female  (continued).  9,  mandible,  posterior  (F);  10,  paragnath,  anterior 
|F);  11,  first  maxilla,  anterior  (F);  12,  second  maxilla,  posterior  |D);  13,  maxilliped.  Inner  (F);  14,  leg  1  and  intercoxal 
plate,  anterior  (D);   15,   leg  2,   anterior   (D);    16,   last   segment  of    endopod    of    leg    3,    anterior    (D). 
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Figures     17-18.      Lichomolgus    campulus    n.     sp.,     female     (continued).     17,    leg   4   and    intercoxal    plate,    anterior   (D);    18,    leg 
5,    dorsal    (F). 

Figures    19-24.      i.ichomo/gus    campulus    n.    sp.,     male.      19,    body,   dorsal    (A);    20,    urosome,   dorsal    (B);   21,   second    antenna, 
outer    (E);    22,    maxilliped,    inner    (E);    23,    leg    5,    posterodorsal    (G);    24,    leg    6,    ventral    (E). 
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Figures  25-32.  (./chomo/gus  digitatus  n.  sp.,  female.  25,  body,  dorsal  (A);  26,  urosome,  dorsal  (G);  27,  area  of  ottacli- 
ment  of  egg  sac,  dorsal  (C);  28,  caudal  ramus,  dorsal  (E);  29,  rostral  area,  ventral  (B);  30,  first  antenna,  anterodorsal 
(E);    31,    second    antenna,    outer    (E);    32,    lobrum,    ventral    (E), 
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Figures  33-39.  Lichomolgus  digitatus  n.  sp.,  female  (continued).  33,  mandible,  posterior  (D);  34,  paragnath,  ventral 
(D);  35,  first  maxilla,  ventral  (D);  36,  second  maxilla,  posterior  (E);  37,  maxilliped,  anterior  (D);  38,  oral  and  postoral 
areas,    witfi    edge    of    labrum    turned    ventrally,    ventral     (H);    39,   leg   1    and   intercoxal    plate,  anterior   (E). 
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Figures    40-43.     L/cfiomolgus    d/gifofus    n.    sp.,    female    (continued).     40,   leg  2,   anterior  (E);   41,   last  segment  of  endopod  of 
leg    3,    anterior    (E);    42,    leg    4    and    intercoxal    plate,    anterior    (E);    43,    leg    5,    dorsal    (C). 

Figure    44.      Lichomolgus    digitalus    n.    sp.,    male.     44,    body,    doisal     (A). 
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Figures    45-50.      Lichomolgus    digitatus     n.    sp.,     male    (continued).      45,     urosome,     dorsal     (G);     46,     second     antenna,     inner 
(E);   47,    maxilliped,    inner    [H);   48,    lost  segment  of  endopod   of  leg    1,    anterior   (D);   49,   leg  5,   dorsal    (C);   50,    leg  6,   ventral 


Figures    51-52.      Lichomolgus    digitatus    n.    sp.,    female,    from    Porites.     51,    caudal    ramus,    dorsal    (E);    52,    endopod    of    leg    4, 
anterior  (E). 

Figure    53.      Lichomolgus    prolixipes    n.    sp.,    female.      53,    body,    dorsal    (A). 
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Figures  54-63.  iichomolgu%  pro/ix/pes  n.  sp.,  female  (continued).  54,  urosome,  dorsal  |G);  55,  area  of  attachment  of 
egg  sac,  dorsal  (C);  56,  caudal  ramus,  dorsal  |F);  57,  egg  sac,  lateral  (G);  58,  rostral,  oral,  and  postoral  areas,  ventral 
|H),-  59,  first  antenna,  posteroventral  (E);  60,  second  antenna,  inner  (E);  61,  labrum,  ventral  (D);  62,  mandible,  posterior 
|F);    63,    paragnath,    ventral     |F). 
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Figures  64-70.  L/chomo/ogus  pro/ixipes  n.  sp.,  female  (continued).  64,  first  maxilla,  anterior  (F);  65,  second  maxilla, 
posterior  (F);  66,  maxilliped,  posterointernal  (F);  67,  leg  1  and  intercoxal  plate,  anterior  (E);  68,  leg  2,  anterior  (E);  69, 
leg    3,    anterior   (E);   70,    leg   4   and    intercoxal    plate,    anterior   (E). 
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Figure    71,      bc/iomolgus    prolixipei    n.    sp.,    female    (continued).     71,    leg    5,    dorsal    (E), 

Figures  72-78.  L/chomolgus  prolixipes  n.  sp.,  male.  72,  body,  dorsal  (G);  73,  urosome,  dorsal  (H);  74,  second  antenna, 
inner  |E);  75,  maxilliped,  inner  (D);  76,  last  segment  of  endopod  of  leg  1,  anterior  (F);  77,  leg  5,  dorsal  (C);  78,  leg 
6,    ventral    (D). 
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Figures  79-88.  Lichomotgus  arcuatipes  n,  sp.,  female.  79,  body,  dorsal  (G);  80,  urosome,  dorsal  (B);  81,  area  of  attach- 
ment of  egg  sac,  dorsal  (D);  82,  caudal  ramus,  dorsal  (D);  83,  rostral  area,  ventral  (H);  84,  first  antenna,  dorsal  (D);  85, 
second    antenna,    outer    (D);    86,    labrum,    ventral    (F);    87,    mandible,    posterior    (F);    88,    paragnath,    ventral     (C). 
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Figures  89-96.  L/chomo/gus  arcuatipes  n.  sp.,  female  (conflnued).  89,  first  maxilla,  posterior  (C);  90,  second  maxilla, 
anterior  (F);  91,  maxilliped,  posterior  (F);  92,  postoral  area,  ventral  (E);  93,  leg  1  and  intercoxal  plate,  anterior  (D); 
94,    leg    2,    anterior    (D);    95,    last    segment    of    endopod    of    leg  3,   anterior  (D);  96,   leg  4  and   intercoxal    plate,  anterior   (D). 
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Figure    97.      Lichomolgus    orcuof/pes     n.     sp.,     female     (continued).     97,    leg    5,    dorsal    (D). 

Figures  98-104.  Lichomo/gus  orcuof/pes  n.  sp.,  male.  98,  body,  dorsal  (G);  99,  urosome,  dorsal  (B);  100,  second  an- 
tenna, outer  (D);  101,  maxilliped,  outer  (E);  102,  last  segment  of  endopod  of  leg  1,  anterior  (D);  103,  leg  5,  dorsal 
(F);    104,    leg    6,    ventral    (E). 
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Figures  105-113.  Licbomolgus  lobophorus  n.  sp.,  female.  105,  body,  dorsal  (G);  106,  segment  of  leg  5  and  genital  seg- 
ment, dorsal  |B);  107,  area  of  attachment  of  egg  sac,  dorsolateral  (D);  108,  postgenital  segments  and  caudal  rami,  dorsal 
(B),  109,  part  of  urosome,  laterol  (B);  110,  caudal  ramus,  dorsal  (E);  111,  egg  sac,  dorsal  (H);  112,  rostral  area,  ventral 
|H);    113,    first    antenna,    ventral    (E|. 
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Figures  114-123.  Lichomolgus  lobophorus  n.  sp.,  female  (continued).  114,  second  antenna,  outer  (E);  115,  labrum,  ventral 
(D);  116,  mandible,  posterior  (D);  117,  paragnath,  ventral  (C);  118,  first  maxilla,  posterior  (C];  119,  second  maxilla,  pos- 
terior, (D);  120,  maxilliped,  anterior  (D);  121,  postoral  area,  ventral  (H);  122,  leg  1  and  intercoxal  plate,  anterior  (E); 
123,     leg     2,     anterior    (E). 
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Figures  124-126.  Ltchomolgui  /obophorus  n.  sp.,  female  (continued).  124,  last  segment  of  endopod  of  leg  3,  anterior 
|E);    125,    leg    4    and    intercoxal    plate,    anterior    (E);    126,    leg    5,    dorsal     (E). 

Figures  127-133.  Lichomolgus  /obophorus  n.  sp.,  male.  127,  body,  dorsal  |G);  128,  urosome,  dorsal  |B);  129,  second 
antenna,  outer  (E);  130,  maxilliped,  inner  (H);  131,  last  segment  of  endopod  of  leg  1,  anterior  (D);  132,  leg  5,  dorsal 
(D);   133,  leg  6,  ventral   (E) 
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Figures  134-140.  Lichomolgus  geminus  n.  sp.,  female.  134,  body,  dorsal  (A);  135,  urosome,  dorsal  (G);  136,  area  of 
attachment  of  egg  sac,  dorsal  (F);  137,  caudal  ramus,  dorsal  (H);  138,  egg  sac,  dorsal  (G);  139,  leg  4  and  intercoxal 
plate,  anterior  (E);  140,  leg  5,  dorsal   (E). 

Figures  141-143.  Lichomolgus  geminus  n.  sp.,  male.  141,  body,  dorsal  (A);  142,  urosome,  dorsal  (G);  143,  caudal  ramus, 
dorsal   (H). 
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Figures  144-150.  L/chomolgus  geminus  n.  sp.,  male  (continued).  144,  last  segment  of  endopod  of  leg  2,  anterior  (D); 
145,  middle  distal  spine  on  last  segment  of  endopod  of  leg  2,  anterior  (I);  146,  last  segment  of  endopod  of  leg  3, 
anterior  (D);  147,  endopod  of  leg  4,  anterior  (D);  148,  leg  5,  dorsal  (D);  149,  leg  6,  ventral  (E);  150,  spermatophore, 
attached  to  female,  dorsal    (B). 

Figures  151-154.  Lichomo/gus  crassus  n.  sp.,  female.  151,  body,  dorsal  (G);  152,  body,  lateral  (G);  153,  segment  of 
leg    5    and    genital    segment,    dorsal    |B);    154,    area    of    attacfiment    of    egg    sac,    dorsal     (F). 
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Figures  155-164.  Lichomolgus  crassus  n.  sp.,  female  (continued).  155,  postgenltal  segments,  dorsal  (B);  156,  caudal 
ramus,  dorsal  (D);  157,  anterior  part  of  ceptialosome,  ventral  (G);  158,  first  antenna,  dorsal  (E);  159,  second  antenna, 
outer  (E);  160,  labrum,  ventral  (E);  161,  mandible,  posterior  (D);  162,  parognath,  posterior  (C);  163,  first  maxilla,  anterior 
(D);  164,  second  maxilla,  anterior  (D). 
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Figures  165-171.  Lichomologus  crossus  n.  sp.,  female  (continued).  165,  moxilliped,  inner  (D);  166,  postoral  area,  ventral 
(E);  167,  leg  1  and  intercoxal  plate,  anterior  (E);  168,  leg  2,  anterior  (E);  169,  leg  3,  anterior  (E);  170,  leg  4  and  inter- 
coxal    plate,    anterior    jD);    171,    leg    5,    dorsal    (D). 
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Figures  172-182.  Licnomo/gus  crassui  n.  sp.,  male.  172,  body,  dorsal  (A);  173,  urosome,  dorsal  (G);  174,  caudal  ramus, 
dorsal  (E);  175,  first  antenna,  ventral  (E);  176,  maxilliped,  inner  (E);  177,  leg  1,  anterior  (E);  178,  last  segment  of  endo- 
pod  of  leg  2,  anterior  (D);  179,  last  segment  of  endopod  of  leg  3,  anterior  (D);  180,  endopod  of  leg  4,  anterior  (D); 
181,    leg    5,    dorsal    (F);    182,    segment  of   leg    5   and    genital    segment,    ventral    (H). 


404        Bulletin  Museum  of  Comparative  Zoology,  Vol.  136,  No.  10 


188 


185 


186 


Figures  183-188.  Pnonomo/gus  lanceo/ofus  n.  gen.,  n.  sp.,  female.  183,  body,  dorsal  (A);  184,  urosome,  dorsal  (B); 
185,  area  of  attachment  of  egg  sac,  dorsal  |F);  186,  caudal  ramus,  dorsal  (D);  187,  egg  sac,  ventral  (B);  188,  ceptialo- 
some,    ventral    (B). 
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Figures  189-197.  Prionomolgus  lanceolatus  n.  gen.,  n.  sp.,  female  (continued).  189,  first  antenna,  dorsal  (E);  190,  sec- 
ond antenna,  posterior  (E);  191,  labrum,  ventral  (D);  192,  mandible,  posterior  (F);  193,  paragnath,  posterior  (I);  194, 
first  maxilla,  posterior  (F);  195,  second  maxilla,  anterior  (D);  196,  maxilliped,  outer  (F);  197,  leg  1  and  intercoxal 
plate,    anterior    (E). 
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Figures    193-202.      Pnonomo/gus    /anceola/us    n.    gen.,    n.    sp.,    female    (continued).      198,    leg    2,    anterior    (E);    199,    leg    3,    an- 
terior   (E];    200,    leg    4    and    intercoxal    plate,    anterior    (E);    201  ,    endopod   of   leg    4,   anterior   (C);    202,    leg    5,    dorsal    (D). 
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Figures  203-210.  Prionomolgus  lanceolafus  n,  gen.,  n.  sp.,  male.  203,  body,  dorsal  (G);  204,  urosome,  dorsal  (H);  205, 
maxilliped,  anterointernal  (D);  206,  lost  segment  of  endopod  of  leg  1,  anterior  (F);  207,  endopod  of  leg  4,  anterior  (C); 
208,    leg   5,   dorsal    (F);    209,    leg   6,    ventral    (E);    210,    spermatopfiores,   attached    to   female,    lateral    (B). 
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Figures  211-219.  Hap/omo/gus  monliporae  n.  gen.,  n.  sp.,  female.  211,  body,  dorsal  (G);  212,  segment  of  leg  5  and 
genital  segment,  dorsal  (E);  213,  area  of  attacfiment  of  egg  sac,  dorsal  (I);  214,  postgenital  segments  and  caudal  rami, 
dorsal  (E);  215,  caudal  ramus,  dorsal  (C);  216,  rostral,  oral,  and  postoro!  areas,  ventral  (E);  217,  first  antenna,  with 
arrows  indicating  positions  of  aesthetes  in  male,  posteroventrol  (D);  218,  second  antenna,  inner  (F);  219,  edge  of  lobrum, 
ventral   IF). 
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Figures  220-227.  Haplomolgus  montiporae  n.  gen.,  n.  sp.,  female  (continued).  220,  mandible,  posterior  (C);  221,  par- 
agnath,  posterior  (C);  222,  first  maxilla,  posterior  (C);  223,  second  maxilla,  posterior  (Cj;  224,  maxilliped,  anterior  (C); 
225,  leg  1  and  intercoxal  plate,  anterior  (D);  226,  leg  2  and  intercoxal  plate,  anterior  (D);  227,  leg  3  and  intercoxal 
plate,    anterior    (D). 
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Figures  228-232.  Hoplomo/gus  mon/iporae  n.  gen.,  n.  sp.,  female  (continued).  228,  leg  4  and  intercoxal  plate,  ante- 
rior (D);  229,  endopod  of  leg  4,  anterior  |C);  230,  endopod  of  leg  4,  anterior  (C);  231,  endopod  of  leg  4,  anterior  (C); 
232,    leg    5,    lateroventral    (D). 

Figures  233-237.  Hop/omo/gus  mondporoe  n.  gen.,  n.  sp.,  male.  233,  body,  dorsal  (G);  234,  urosome,  dorsal  (H);  235, 
maxilliped,    inner    (E);    236,    endopod    of    leg    1,    anterior    |F);    237,  endopod  of  leg  2,  anterior  (F). 
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Figures    238-240.      Haplomolgus    montiporae    n.    gen.,    n.    sp.,    male    (continued).     238,    endopod   of   leg    3,    anterior    (F);    239, 
leg  5,  dorsal    (C);   240,   leg  6,  ventral   (D). 

Figures  241-244.      Ravahina    tumida    n.    gen.,    n.    sp.,    female.     241,    body,    dorsal    (J);    242,    body,    lateral    (J);    243,    urosome, 
dorsal    (G);   244,   area  of  attachment  of  egg   sac,   dorsal    (D). 
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Figures  245-253.  Ravahina  lumida  n.  gen.,  n.  sp.,  female  (continued).  245,  caudal  ramus,  dorsal  (E);  246,  portion  of 
dorsal  surface  of  segment  of  leg  1  sfiowing  irregular  surface  of  cuticula,  dorsal  (F);  247,  rostral  and  oral  areas,  ventral 
(H);  248,  first  antenna,  anterodorsal  (H);  249,  second  antenna,  anterior  (H);  250,  labrum,  ventral  (E);  251,  mandible, 
posterior   (F);   252,    first   maxilla,    posterior   (F);    253,    second    maxilla,    anterior    |D). 
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Figures  254-259.  Ravah'mo  tumida  n.  gen.,  n.  sp.,  female  (continued).  254,  maxilliped,  anterior  (D|;  255,  leg  1  and 
intercoxal  plate,  anterior  (E);  256,  leg  2,  anterior  (E);  257,  leg  3,  anterior  (E);  258,  leg  4,  anterior  (E);  259,  leg  5,  dorsal 
(F]. 
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XARIFIID  COPEPODS   (CYCLOPOIDA)   PARASITIC   IN 
CORALS   IN  MADAGASCAR 


ARTHUR  G.  HUMES'  '  AND  JU-SHEY  HO' 


INTRODUCTION 

The  family  Xarifiidae  at  present  contains 
only  the  genns  Xarifia  Humes,  1960.  (The 
genus  Kom])ia  Humes,  1962,  assigned  ten- 
tatively to  this  family,  belongs  more  prob- 
ably to  the  Lichomolgidae,  as  pointed  out 
by  Humes  and  Ho,  1968. )  Two  species, 
X.  fnahUvensis  and  A',  fhiihriata,  were  de- 
scribed by  Humes  ( 1960 )  from  corals  in 
the  Maldive  Islands.  Nine  species  are 
known  from  corals  in  the  region  of  Nosy 
Be,  Madagascar.  These  are  X.  gerlachi,  X. 
long,ipes,  X.  dispar,  X.  reducta,  X.  scrraia, 
X.  tenuis,  X.  infrequens,  and  X.  comata,  all 
described  by  Humes  ( 1962 ) ,  and  X.  di- 
minitta  Humes  and  Ho  (1967).  This  paper 
deals  with  nine  new  species  of  Xarifia  and 
two  new  species  belonging  to  a  new  xari- 
fiid  genus,  collected  from  corals  in  the 
vicinity  of  Nosy  Be  during  1960  and  1963- 
64. 

All  collections  were  made  by  A.  G. 
Humes,  those  in  1960  during  an  expedition 
of  the  Academy  of  Natural  Sciences  of 
Philadelphia,  and  those  in  196.3-64  as  part 
of  the  U.S.  Program  in  Biology  of  the  Inter- 
national Indian  Ocean  Expedition.  Type 
material  has  been  deposited  in  the  United 
States  National  Museum.  Specimens  of  sev- 
eral of  the  new  species  have  been  placed 
in  the  Museum  of  Comparative  Zoolog\-. 
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The  study  of  the  specimens  has  been 
aided  by  grants  (GB-1S09  and  GB-5838) 
from  the  National  Science  Foundation  of 
the  United  States. 

All  figures  have  been  drawn  with  the  aid 
of  a  camera  lucida.  The  letter  after  the  ex- 
planation of  each  figure  refers  to  the  scale 
at  which  it  was  drawn. 

The  measurement  of  the  length  of  the 
body  has  been  made  in  all  cases  from  speci- 
mens in  lactic  acid  and  does  not  include  the 
setae  on  the  caudal  rami.  In  the  spine  and 
setal  formulas  of  legs  1-4  the  Roman  nu- 
merals indicate  spines  and  the  Arabic  nu- 
merals represent  setae. 

The  abbreviations  used  are:  A,  =  first 
antenna.  A-  =  second  antenna,  MD  =  man- 
dible, P  =  paragnath,  MXi  =  first  maxilla, 
MXj  =  second  maxilla.  Pi  =  leg  1. 

We  thank  Dr.  Donald  F.  Squires  of  the 
United  States  National  Museum  for  the 
identifications  of  corals  collected  in  1960, 
and  Dr.  Michel  Pichon,  then  at  the  Centre 
O.R.S.T.O.M.  de  Nosy  Be,  for  the  deter- 
minations of  those  collected  in  196.'^64. 

The  new  copepods  described  in  this 
paper  comprise  the  following: 

1 )  Xarifia  lameJIispinosa  n.  sp. 

from  Pachyseris  speciosa   (Dana) 

2)  Xarifia  exiii.ua  n.  sp. 

from  Pachyseris  speciosa  (Dana) 

3)  Xarifia  dccorata  n.  sp. 

from  StylopJiora  pistiUata  (Esper) 
and  Sfylophora   luordax   (Dana) 
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4)  Xarifid  li.s.sa  ii.  sp. 

from  StylopJiora  pi.stillata  (Esper) 
and  StyU)})]tora   nioicldx   (Dana) 

5)  Xaiifia  ohcsa  n.  sp. 

from  Pocillopora  verrucosa  (Ellis 
and  Solander),  FociUopora  sp.  cf. 
P.  verrucosa  (  E.  and  S.),  and  Po- 
cillopora danac  \'orrill 

6)  Xarifia   Jjrevicauchi   n.   sp. 

from  Alveopora  sp. 

7)  Xarifia  tcnuuira  n.  sp. 

from  Moutipora  sincn.sis  Bernard 
(S)   Xarifia  anomala  n.  sp. 

from  Acropora  palifcra  (  Lamarck) 
9)   Xarifia  haniata  ii.  sp. 

from    Turbinaria  sp. 

10)  Orsfomella  faviae  n.  gen.,  n.  sp. 

from  Fa  via  sp. 

11)  Or.stomclla   lohophijlliac   n.   gen.,    n. 

sp. 

from  Lohopln/llia  cost  at  a   (Dana) 
and  Loho])h{illia  coryniho.sa  ( For- 
skal ) 
The    following    represent   new   host    rec- 
ords: 

1 )  Xarifia  dispar  Hnmes,    1962 

from  Fchiuopora  lamcllosa  (Es- 
per) and  Echiuoj)()ra  iiemmacca 
(  I^amarck  ) 

2)  Xarifia  .scrrata  Humes,  1962 

from  FociUopora  buU)Osa  Ehren- 
berg 

Kk"ss  K)  iiiK  Si'i:(:ii:.s  of  iiii:  Cii.M.s  X.iiiin.l 

i'cimilis 

1.  I'julopods  ol   leys    1-1  oiR'-scyiiK'nU'd  2 
Miulopods  of   leys   l-l  t\\o-st'Kin(Mit(>d               13 

2.  liciiioii    dorsal    to    tilth    leys    with    two    oi' 

tlircc    processes  .3 

Rej^ioii  dorsal  to  lifth  leys  without  proc- 
esses (or  at  most  a  iiicdian  liansxcrsc 
ridye  as  in  A',  scrrata)  10 

.3.  lie.nioii  dorsal  to  fiitli  legs  with  [\\u  proc- 
esses          I 

lieyion  dorsal  to  lilth  Icus  with  three  proc- 
esses 5 

4.  Leg  5  with  a  siiial!  tree  segiiieiit  (24  X  9 
m);  outer  element  on  second  segment  ol 
exopods  of  legs  1-4  a  seta  rather  than 
a  spine;  l)od\  unusualK'  stont,  about  4 
times    longer   than    wide    ohcsa 


12. 


13. 


Leg  5  without  a  free  segment  and  repre- 
sented only  by  three  setae;  second  seg- 
ment of  e.xopods  of  legs  1-4  outwardly 
unarmed;  body  elongated  and  slender, 
6.7  times  longer  than  wide  fimbriata 

Three  processes  ainne  fifth  legs  aliout 
equal  in  length  6 

Two  lateral  processes  distinctly  shorter 
than  median  process  9 

Processes    short;    caudal   ramus   small   and 
indistinctly  set  off  from  anal  segment 
gerlacli  i 

Processes  elongated;  caudal  ramus  distinctly 
set  off  from   anal   segment   ^     7 

Two  small  lobes  between  processes;  outer 
element  on  second  segment  of  exopod 
of  legs   1-4  a  seta  .   niakUvcnsis 

Without  knobs  between  processes;  outer 
element  on  second  segment  of  exopod 
of  legs    1—4   a  spine  8 

I4iree  processes  about  etjual  in  length; 
length  of  body   0.75  mm   exigua 

Middle  process  a  little  shorter  than  other 
two;   length  of  body   1.48  mm   __  .   longipes 

Caudal  ramus  about  9  times  longer  than 
wide;  first  segment  of  exopod  of  legs 
1—4  without  an  outer  spine,  but  instead 
only  a  minute  spiniform  projection    _  tenuis 

Caudal  ramus  about  4  times  longer  than 
wide;  first  segment  of  exopod  of  legs 
1-4  with  a  distinct  ( though  small )  spine 
infrequciis 

Body  about  10  times  longer  than  wide; 
caudal  ranuis  fused  with  anal  segment; 
postgenital  segments  fused  into  a  single 
small   segment    teinnura 

Body  about  6-7  times  longer  than  wide; 
caudal  ramus  distinct;  postgenital  seg- 
ments  not   unusualK'  reduced   __ 11 

.Si'cond  segment  of  exopods  of  legs  1 — t 
with  onK  ;i  sm;dl  outer  knob;  region 
dorsal  to  fifth   legs  not  projected  __  rcducta 

Second  segment  of  exopods  of  legs  1 — 1 
imarmed;  region  dorsal  to  lifth  legs  pro- 
jected   to  iorni  a   slight    transverse  ridge    12 

Leg  5  122  /J.  long;  blade  of  mandible  with 
small  spinuk's;  endopod  of  leg  2  with 
two    terminal    set;ie  scrrata 

Leg  5  72  /u  long;  blade  of  m;uidible  with 
strong  tei'th;  endojiod  ol  leg  2  with 
three    ternn'nal    setae  lis.sa 

Second  segment  of  exoiiod  ol  legs  1—4 
unarmed  coinata 

Second  segment  ol  exopod  ol  legs  1-4 
with    either  ;i   spine   or   ;i   seta      14 

I' irst  ;nid  second  segnuMits  of  exopods  ol 
legs  1-4  simikuK  ;uined  with  a  slender 
outer   spine    (  ;dniost   setiforni )      dispar 

These  segments  not  so  ;nined   ,., 15 
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15.  First   and   setond   segments   of   exopods  of 

legs    1-4   with    a   strong  outer   spine  16 

These  segments  not  so  armed  ( second  seg- 
ment with  a  small  outer  spine  or  a 
seta )   19 

16.  Endopod   of   leg  3   with   a   terminal   seta; 

length   of  body    1.90  mm   --   lainc'lli.s})inosa 
Endopod  of  leg  3  unarmed;  length  of  liody 
1.27    mm    or    less    .-. —   17 

17.  Endopod   of   leg   1   unarmed;    endopod   of 

leg  2  with  three  terminal  setae   ^  anonuila 
Endopods  of  legs  1  and  2  with  two  termi- 
nal  setae    18 

18.  Endopod  of  leg  4  with  two  terminal  setae; 

length  of  body  0.98  mm  diminutu 

Endopod  of  leg  4  imarmed;  length  of 
body    1.27    mm    brevicaiido 

19.  First  segment  of  exopods  of  legs  1-4  with 

a  strong  outer  spine;  second  segment 
of  e.xopod  of  leg  1  with  a  small  outer 
spine,  in  legs  2-4  with  a  seta;  endopods 
of  legs  1-4  with  terminal  setae  decurata 
First  segment  of  exopods  of  legs  1-4  with 
a  strong  outer  spine;  second  segment 
of  these  exopods  with  a  seta;  endopod 
of  leg  2  with  a  seta  and  a  clawlike 
spine,  endopods  of  legs  3  and  4  with 
only   a   clawlike  spine   hanuita 

Males 

1.  Endopods  of  legs  1-4  one-segmented  2 
Endopods   of  legs   1-4   two-segmented          13 

2.  First    and    second    segments    of    exopod    of 

leg  1   with  a  distinct  outer  spine  3 
Both  of  these  segments  or  only  second  seg- 
ment lacking  such   a  spine  6 

3.  Caudal    ramus    small    and    completely    or 

partially  fused  with  anal  segment  4 

Caudal  ramus  more  prominent  and  distinct 
from    anal    segment    5 

4.  Body    about    7    times    longer    than    wide; 

blade    of   mandible    with   spinules;    sec- 
ond   segment    of    exopods    of    legs    2-4 

with  an  outer  spine  gerlachi 

Body  about  10  times  longer  than  wide; 
blade  of  mandible  smooth;  second  seg- 
ment of  exopods  of  legs  2-4  unarmed 
temnura 

5.  Terminal   setae   on   endopods   of   legs    1-4 

arranged  as  2,   1,   1,   1;  length  of  body, 

1 .43   nnn    longipes 

Terminal  setae  on  endopods  of  legs  1-4  ar- 
ranged as  2,  2,  1,  1;  length  of  body 
0.80  mm  exigua 

6.  Second   segment  of  exopod  of  leg   1    with 

an  outer  seta  7 

Second  segment  of  exopod  of  leg  1  un- 
armed { or  at  most  with  only  a  small 
outer  knob  as  in  X.  reducta)   8 


7.  Bod>'  unusualK   stout,  about  4  linu's  longer 

than  wide  ohesa 

Body  more  slender,  a  little  more  than  6 
times    longer    than   wide    maldiven.sis 

8.  First  segment  of  exopod  of  leg  1  without  a 

distinct  element,   having  only   a  minute 

outer   process    tenuis 

First  segment  of  exopod  of  leg  1  with  a 
distinct  outer  element   9 

9.  First  segment  of  exopod  of  leg  1  with  an 

outer   spine    10 

First  segment  of  exopod  of  leg  1  with  an 
outer    seta    fimbriata 

10.  Second   segment  of  exopod  of  leg   1   with 

a  small  outer  knob  or  hyaline  seta        .      11 
Second   segment   of   exopod   of  leg   1    un- 
armed     12 

11.  Second  segment  of  exopod  of  leg  1  with  a 

small    outer    knob;    concave    surface    of 
claw  of  maxilliped  with  a  row  of  al^out 

twelve  long  spinules  reducta 

Second  segment  of  exopod  of  leg  1  with  a 
small  hyaline  seta;  concave  surface  of 
claw    of    maxilliped    serrated       lissa 

12.  Concave    margin    of    claw    of    maxilliped 

with  irregular  rounded  serrations;  body 
about  8  times  longer  than  wide         senata 
Concave  margin  of  claw  of  maxilliped  dis- 
tally    with    a    few    minute    teeth;    body 

about  11  times  longer  than  wide  

infrequens 

13.  Second    segment   of   exopods   of   legs    1-4 

unarmed    comata 

Second  segment  of  exopods  of  legs  1-4 
with  a  spine  or  seta  14 

14.  Second   segment   of   exopods   of   legs    1-4 

with   an   outer  seta;   second   segment  of 
endopod    of   leg   2    with    a    seta   and    a 

clawlike    spine    hatuata 

Second  segment  of  exopod  of  leg  1  with 
an  outer  spine;  without  a  clawlike  .spine 
on  second  segment  of  endopod  of  leg  2   15 

15.  Second   segment    of   exopods    of   legs   2-4 

with  an  outer  seta  decorata 

Second  segment  of  exopods  of  legs  2-4 
with  an  outer  spine  16 

16.  Spines  on  first  two  segments  of  exopods  of 

legs  1-4  slender,  almost  setiform  .      dispar 
Spines    on    these    segments    clearly    spini- 
form    rather   than   setiform    17 

17.  With  a  terminal  seta  on  endopod  of  leg  3, 

formula  for  terminal  elements  on  endo- 
pods of  legs  1-4  being  2,  2,  1,  1  

lamellispinosa 

Without  a  terminal  seta  on  endopod  of 
leg   3    18 

18.  \\'ithout  terminal  setae  on  endopod  of  leg 

1,    formula    for    terminal    elements    of 
endopods  of  legs  1-4  being  0,  3,  0,  0  .  - 

anomala 
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With    two    terminal    setae    on    endopod    of 

lejz    1     19 

19.  Without  terminal  setae  on  endopod  of  leg 
4,  formula  for  terminal  elements  on  en- 
dopods  of  legs  1-4  being  2,  2,  0,  0; 
postgenital  region  shortened  with  seg- 
ments fused:  concaxe  margin  of  claw  of 
maxilliped  with  a  serrated  excrescence 
hrevicatida 

With  two  terminal  setae  on  endopod  of 
leg  4,  formula  for  terminal  elements  on 
endopods  of  legs  1—4  being  2,  2,  0,  2: 
postgenital  region  not  shortened;  con- 
cave margin  of  claw  of  maxilliped  witli- 
oiit   a   serrated   excrescence    (liiniiiiita 

SYSTEMATIC    DESCRIPTION 

XARIFIIDAE   Humes,    1960 
XARIFIA   Humes,    1960 
Xarifia    lamellispinosa    n.    sp. 
Figs.    1-22 

Type  material. — 13  females  and  14  males 
from  a  colony  of  Paehij.scri.s  speeiom  (Dana) 
in  a  depth  of  2  m,  Ambariotsimaramara,  off 
Ampomhilava,  Nosy  Be,  Madagascar.  Col- 
lected June  12,  1964.  Holotype  female,  al- 
lotype, and  21  paratypes  (  10  females  and 
11  males)  deposited  in  the  United  States 
National  Museum,  Washington;  the  re- 
maining paratypes  (dissected)  in  the  col- 
lection of  A.  Ci.  Humes. 

Other  specimcm  (all  from  Faehij.seris 
speciosa). — 3  females  and  11  males  in  3  ni, 
Pte.  Ambarionaomby,  Nosy  Komba,  near 
Nosy  Be,  September  3,  1963;  1  male  in  2 
m,  Ambariotsimaramara,  off  Ampombihua, 
Nosy  Be,  October  18,  1963. 

Female. — Body  ( Figs.  1  and  2  )  slender, 
about  7  times  longer  than  wide.  Length 
1.90  mm  (1.84-2.00  mm)  and  greatest  width 
0.27  mm  (0.26-0.27  mm),  based  on  10  speci- 
mens. Segmentation  not  well  defined  ex- 
ternally. Region  dorsal  to  fifth  legs  bc-ar- 
ing  three  long  posteriori)  directed  jiroces- 
ses,  the  median  one  slightK'  shorter  than 
the  lateral  ones.  Cenital  and  postgenital 
segments  together  a  little  less  than  one- 
fourth  ol  total  l)()d\  length.  Areas  ol  at- 
tachment of  egg  sacs  located  dorsalK  ( l""ig. 
3).   C-'audal  ramus  (Fig.  4)  about  51  X  28  /- 


in  greatest  dimensions,  a  little  less  than  2 
times  longer  than  wide;  with  four  short 
naked  setae  ( one  outer  and  subterminal, 
the  others  terminal )  and  surficial  hairs. 
Egg  sac  ( Fig.  3 )  340  ij.  in  length,  contain- 
ing five  eggs  ( except  in  one  female  where 
the  sac  on  one  side  had  only  four),  each 
egg  about   109  /x  in   average  diameter. 

Rostral  area  a  rounded  lobe  between 
bases  of  first  antennae  and  covered  with 
short  hairs  (Fig.  5).  First  antenna  (Fig. 
6 )  short  ( about  60  /x  in  length  without 
setae)  and  apparently  3-segmented.  With 
numerous  naked  setae,  the  armature  being 
3,  22+1  aesthete,  and  9  +  2  aesthetes. 
Second  antenna  ( Fig.  7 )  4-segmented,  the 
formula  being  1,  1,  2,  and  1,  1.  Recurved 
claw  and  seta  on  last  segment  both  17  /x 
long. 

Labrum  (  Fig.  8  )  with  trilobate  free  mar- 
gin, the  middle  lobe  slightly  indented. 
Mandible  ( Fig.  9 )  with  blade  having  four 
teeth  and  a  recurved  tip.  Paragnath  absent. 
First  maxilla  (Fig.  10)  a  small  lobe  with 
two  naked  setae.  Second  maxilla  (Fig.  11) 
probably  2-segmented,  second  segment 
bearing  two  unequal  inner  setae  and  a  dis- 
tal lamellate  expansion  with  a  terminal 
knob.  Maxilliped  i  Fig.  12)  apparently  3- 
segmented,  first  segment  with  an  outer 
lobate  expansion,  second  segment  bearing 
two  inner  setae  and  a  lobate  expansion, 
third  segment  with  two  small  spiniform  ele- 
ments and  t(M'minating  in  a  short  claw.  Re- 
lationships of  head  appendages  as  in  Fig- 
ure 13. 

Legs  2-4  w  ith  general  form  and  segmen- 
tation like  that  of  leg  1  (Fig.  14),  exopods 
3-segmented.  endopods  2-segmented.  Spine 
and  setal   formula   as   follows: 

l^    protopod    ()-():   1-0   cxp     l-U;   !-();  1.  3 

end  (M);  2 

V     protopod    ()-():   1-0   exp     I-O;   I-O;  1,2 

end  ()-():  2 
I'.aiul  1',    protopod    0-0:   1-0   cxp    I-O;   I-O;  1,2 

end    0-0:   1 

ill  all  loui-  legs  posterior  snilaee  of  jiro- 
topod  with  a  patch  ol  hairs  and  basis  with 
an  outer  naked  seta.  Lxopods  with  stout 
spines     I'ecinAcd     postcriorK     and     b(\uing 
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conspicuous  lamellae  ( Figs.  14,  15,  and 
16);  three  slender  setae  at  inner  base  of 
terminal  spine  in  leg  1,  two  such  setae  in 
legs  2,  3,  and  4.  Endopods  with  few  hairs 
on  outer  margins  of  both  segments,  and 
with  two  terminal  setae  in  legs  1  and  2 
but  only  one  such  seta  in  legs  3  and  4.  Leg 
4  ( not  drawn )  armed  as  in  leg  3.  Inter- 
coxal  plate  V-shaped  in  leg  1,  less  so  in 
succeeding  legs. 

Leg  5  (Fig.  17)  elongated  and  slender, 
with  its  free  segment  not  clearly  delimited 
from  body.  Segment  about  110  /x  in  length 
and  tapered  distally,  with  two  unequal  ter- 
minal naked  setae  11  and  37  /x  long.  A 
slender  seta  arising  from  body  wall  dorsal 
to  base  of  segment.    Leg  6  absent. 

Color  in  life  in  transmitted  light  slightly 
brownish,  eye  red. 

Male. — Body  (Figs.  18  and  19)  slender, 
almost  as  long  as  female.  Length  1.83  mm 
(1.76-1.87  mm)  and  greatest  width  0.22 
mm  (0.19-0.24  mm),  based  on  10  speci- 
mens. Without  external  segmentation. 
Caudal  ramus  about  34  X  25  /x,  weakly  set 
off  from  anal  segment  (Fig.  20). 

Rostral  area  as  in  female.  First  antenna 
like  that  of  female,  but  with  four  aesthetes, 
one  being  added  on  midanterior  margin  of 
middle  segment.  Second  antenna,  labrum, 
mandible,  first  maxilla,  and  second  maxilla 
resembling  those  in  female.  Paragnath  ab- 
sent. Maxilliped  (Fig.  21)  4-segmented. 
First  segment  short  and  unarmed.  Second 
large  and  swollen  \\'ith  two  inner  setae. 
Third  very  short  and  imarmed.  Fourth 
segment  forming  a  terminal  claw  57  /x 
along  its  axis,  with  a  prominent  conical 
process  on  its  inner  concave  margin  and 
trifurcated  at  its  tip,  bearing  two  proximal 
unequal  setae  (one  sclerotized  basally  but 
hyaline  and  obtuse  distally,  the  other  hya- 
line throughout). 

Legs  1-4  as  in  female,  with  same  spine 
and  setal  formula.  Leg  5  ( Fig.  22 )  having 
its  small  free  segment  ( 12  X  8  /x )  not  dis- 
tinctly delimited  from  body  and  bearing 
two  unequal  terminal  naked  setae  14  and 
31  /x  long.    Leg  6  (Fig.  20)  represented  by 


a    posteroventral    flap   on    genital   segment 
bearing  two  small  setae. 

Spermatophore  not  observed. 

Color  as  in  female. 

Etipnolofiy. — The  specific  name  larnel- 
lispinosa  is  a  combination  of  the  Latin 
words  lamella  —  a  lamella,  and  spincsus  = 
having  spines,  in  allusion  to  the  conspicu- 
ous lamellae  on  the  spines  of  the  exopods 
of  legs  1-4. 

Comparison  with  related  species. — Only 
three  of  the  eleven  known  species  in  the 
genus  Xarifia  resemble  the  new  species  in 
having  three  long  processes  dorsal  to  the 
fifth  legs  in  the  female,  in  having  an  elon- 
gated leg  5  in  the  female,  and  in  having 
2-segmented  endopods  in  legs  1-4.  These 
are  X.  dispar  Humes,  1962,  X.  eomata 
Humes,  1962,  and  X.  diminiita  Humes  and 
Ho,  1967.  From  each  of  these  X.  lamel- 
lis))inosa  may  be  readily  distinguished.  X. 
dispar  has  a  slender,  almost  straight  spine 
instead  of  a  stout  recurved  spine  on  the 
first  and  second  segments  of  the  exopods  of 
legs  1-4.  X.  eomata  lacks  a  spine  on  the 
second  segment  of  these  legs,  and  has  two 
terminal  setae  on  the  endopod  of  leg  3. 
X.  dimimita  lacks  setae  on  this  endopod, 
and  the  mandible  has  a  smooth  blade 
without  teeth.  Furthermore,  X.  lamelli- 
spinosa  is  considerably  larger  than  these 
three  species,  with  its  size  range  not  over- 
lapping any  of  them. 

Xarifia    exigua    n.    sp. 
Figs.   23-43 

Type  material. — 21  females  and  28  males 
from  a  colony  of  Paehijscris  .speeiosa  (Dana) 
in  a  depth  of  2  m,  Ambariotsimaramara,  off 
Ampombilava,  Nosy  Be,  Madagascar.  Col- 
lected October  IS,' 1963.  (One  male  of  X. 
lamellispinosa  also  was  washed  from  this 
colon)'.)  Holotype  female,  allotype,  and 
39  paratypes  (16  females  and  23  males) 
deposited  in  the  United  States  National 
Museum;  the  remaining  paratypes  in  the 
collection  of  A.  G.  Humes. 

Female.— ^ody  (Figs.  23  and  24)  slen- 
der,   about    7.5    times    longer    than    wide. 
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Length  0.75  mm  ( 0.71-O.SO  mm)  and 
greatest  width  0.10  mm  (0.10-0.11  mm), 
based  on  10  specimens.  External  segmen- 
tation not  well  defined.  Region  dorsal  to 
fifth  legs  bearing  three  long  posteriorly  di- 
rected processes  of  about  equal  length. 
Genital  and  postgenital  segments  together 
about  one-fourth  of  total  body  length.  Areas 
of  attachment  of  egg  sacs  situated  dorsally 
(Fig.  25).  Caudal  ramus  (Fig.  26)  41  X 
11  ^,  about  4  times  longer  than  wide,  with 
the  usual  four  setae,  all  relatively  long  and 
slender.    Egg  sac  unknown. 

Rostral  area  rounded  (Fig.  27).  First 
antenna  ( Fig.  27 )  short,  about  50  /x  in 
length,  and  apparently  3-segmented.  Ar- 
mature: 3,  22  +  1  aesthete,  and  9  +  2  aes- 
thetes, all  setae  hyaline  and  naked.  Second 
antenna  (Fig.  28)  4-segmented,  with  for- 
mula same  as  in  previous  species.  Slender 
claw  and  adjacent  seta  on  last  segment 
both  18  IX  long. 

Labrum  (Fig.  29)  with  trilobate  free 
margin,  slightly  indented  medially.  Man- 
dible ( Fig.  30 )  with  smooth  pointed  blade. 
Paragnath  absent.  First  maxilla  (  Fig.  31 ) 
the  usual  small  lobe  with  two  naked  setae. 
Second  maxilla  (Fig.  32)  2-segmented,  re- 
sembling that  of  X.  diminuta,  second  seg- 
ment hax'ing  two  unequal  inner  setae  and 
a  terminal  lamellate  process.  Maxillipcd 
(Fig.  33)  probably  3-segmented,  but  seg- 
mentation obscure.  Region  of  second  seg- 
ment with  two  inner  setae  and  a  lobate  ex- 
pansion; that  of  third  segment  with  two 
minute  elements  and  lacking  a  claw.  Re- 
lationships of  head  appendages  as  in  Fig- 
ure 34. 

Legs  2-4  willi  general  hum  and  segmen- 
tation as  in  leg  1  (Fig.  35),  exopods  3-seg- 
mentcd,  cndopods  2-segmented.  Spine  and 
sctal    h)niiiila    as    follows: 

\\  and  I',  iiiotopod   0-0:  1-0   rxp  I-O;  1-0;  I,  2 

cikI  2 

v..  and  P,   piotopod   U-U;  i-0  cxp  1-0;  1-0;  1,  2 

end  I 

In  all  lour  legs,  basis  with  an  outer 
naked  seta.  Exopod  spines  rather  long  and 
slender,  not  strongly  reenrxcd.   Small  spini- 


form  process  near  base  of  spine  on  first 
exopod  segment.  Endopods  consisting  of 
a  single  segment  provided  on  outer  margin 
with  a  proximal  setule  followed  by  a  row 
of  hairs.  Endopods  of  legs  1  and  2  with 
two  terminal  setae,  those  of  legs  3  (Fig. 
36 )  and  4  with  a  single  such  seta.  Inter- 
coxal  plate  of  leg  1  rather  wide  (Fig.  35), 
those  of  succeeding  legs  narrower. 

Leg  5  (Fig.  37)  elongated  and  slender, 
with  free  segment  weakly  delimited  from 
body.  Segment  about  100  fx  long  and 
tapered  distally,  the  two  tenninal  setae  13 
and  24  /x  in  length.    Leg  6  absent. 

Color  in  life  in  transmitted  light  pale 
brownish,  eye  red. 

Male— Body  (Figs.  38  and  39)  slender, 
about  as  long  as  female.  Length  0.80  mm 
(0.76-0.85  mm)  and  greatest  width  0.10 
mm  (0.10-0.10  mm),  based  on  10  speci- 
mens. Without  external  segmentation. 
Caudal  ramus  (Fig.  40)  smaller  than  in  fe- 
male, 19  X  10  p.. 

Rostral  area  as  in  female.  First  antenna 
resembling  that  of  female,  but  with  an  ad- 
ditional aesthete  on  second  segment.  Sec- 
ond antenna,  labrum,  mandible,  first  max- 
illa, and  second  maxilla  like  those  in  female. 
Paragnath  absent.  Maxilliped  ( Fig.  41 ) 
segmented  and  armed  as  in  previous  spe- 
cies. Second  segment  with  two  inner  setae. 
Fourth  segment  forming  a  claw  31  ix  along 
its  axis,  with  a  conical  process  on  its  inner 
concave  margin  and  bifurcated  at  its  tip 
(in  one  male  trifurcated  on  one  maxilli- 
ped), bearing  the  usual  two  unequal  proxi- 
mal setae. 

Legs  1-4  as  in  fc^nale,  with  same  spine 
and  setal  formula.  Leg  5  (Fig.  42)  with 
a  small  segment  not  well  delimited  from 
body  and  bearing  two  unequal  setae.  Leg 
6  (Fig.  43)  the  usual  posteroxentral  Hap  on 
genital  segment  with  two  setae. 

Spennatophore  not  observed. 

(^olor  as  in  female. 

litiimolo'^ij. — The  specific  name  exiiiua, 
Irom  Latin  =  small  in  size,  refers  to  the 
small  si/e  of  this  species,  the  smallest  of 
any  species  of  Xarifia  thus  far  described. 
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Comparison  with  related  species. — There  Female. — Body  (Figs.  44  and  45)   slen- 

are  eight  known  species  of  Xarifia  in  which  der,    about    6.8    times    longer    than    wide, 

the  endopods  of  legs  1-4  are  1-segmented,  Length  1.49  mm  ( 1.45-1.53  mm)  and  great- 

thus  resembling  X.   exi^ua.    These  are  X.  est  \\'idth  0.22  mm  (0.21-0.22  mm),  based 

maldivensis    Humes,     1960,     X.     fimhriata  on    10    specimens.     External    segmentation 

Humes,  1960,  X.  fierlaehi  Humes,  1962,  X.  poorly  defined.    Region  dorsal  to  fifth  legs 

longipes  Humes,  1962,  X.  reducta  Humes,  bearing  three  long  slender  posteriorly  di- 

1962,   X.   serrata   Humes,    1962,   X.   tenuis  rected  processes  (Fig.  46)  of  about  equal 

Humes,    1962,   and   X.    infrequens   Humes,  length  (220 /x).    (In  one  female  carrying  a 

1962.   In  only  two  of  these,  X.  gerlachi  and  spermatophore  these  processes  were  shorter, 

and  X.   lon<i.ipes,  does  the  second  exopod  about  165  /x,  and  not  as  slender. )    Genital 

segment  of  legs  1-4  bear  a  spine,  as  in  the  and  postgenital  segments  together  a  little 

new  species;  in  the  others  there  may  be  a  less  than  one-fourth  of  total  body  length, 

seta,   a  small   knob,   or  no  element   at   all.  Areas    of   attachment   of   egg   sacs   located 

X.    exigua    may    be    readily    distinguished  dorsally.     Caudal    ramus    (Fig.    47)    elon- 

from    X.    gerlachi   which   has    three    short  gated,  88  X    19  ^u,  about  4.6  times  longer 

processes  above  the  fifth  legs  in  the  female  than  \\\dt\  and  arched  dorsally  as  in  Fig- 

and  a  larger  size    (female  2.04  mm,  male  ure  46;  bearing  one  outer  subtenninal  seta 

0.89  mm),  and  from  X.  longipes  which  has  and  four  terminal  setae,  all  relatively  short 

three  very  long  processes  (the  middle  one  and  naked.    Egg  sac  (Fig.  45)   containing 

slightly  shorter  than  the  others)   dorsal  to  2,  3,  or  4  eggs  in  a  row,  each  egg  about 

the  fifth  legs  in  the  female,  relatively  very  122  X  166  jx.   Surface  of  body  covered  with 

long  caudal  rami,  and  a  larger  size  ( female  fine  setules  as  in  Figure  46. 

1.48  mm,  male  1.43  mm).  Rostral  area  (Fig.  48)  forming  a  tongue- 
shaped  lobe  bearing  setules  between  bases 

Xor/f/o   decorata   n.   sp.  of  antennae  and  projecting  a  little  beyond 

AA  AO  anterior    margin    of    head    in    dorsal    view 

higs.   A4-0V  ^p.g    ^g^     p.^.^^  antenna   (Fig.  50)    short. 

Type  material. — 30  females  and  22  males  about  54  ^,  and  apparently  3-segmented, 

from  several  colonies  of  Stylophora  pi.stil-  though    second    and    third   segments    show 

lata  (Esper)  in  a  depth  of  0.5  m,  \avets>-,  partial  division.    Armature:    3,  22  +  1  aes- 

Nosy  Be,  Madagascar.    Collected  Septem-  thete,  and  9  +  2  aesthetes,  all  setae  hyaline 

ber  24,    1964.    Holotype   female,   allotype,  and  naked.    Second  antenna   (Fig.  51)   4- 

and  38  paratypes  (22  females  and  16  males)  segmented  and  armed  as  in  two  previous 

deposited    in    the    United    States    National  species.    Terminal  claw  very  slender,  13  /x 

Museum;   the   remaining  paratypes   in  the  long,  and  seta  adjacent  to  it  18  /x. 

collection  of  A.  G.  Humes.  Labrum    (Fig.  52)   not  trilobed,  but  in- 

Other  specimens. — From  Stylophora  pi.s-  dented  medially.   Mandible  (Fig.  53)  with 

tillata:    19  females  and  14  males  in  0.5  m,  smooth  pointed  blade.    Paragnath  absent. 

Ambariobe,  a  small  island  nearly  between  First  maxilla  (Fig.  54)  the  usual  small  lobe 

Nosy  Komba  and  Nosy  Be,  August  4,  1963;  with  two  naked  setae.  Second  maxilla  ( Fig. 

14  females  and  12  males  in  3  m,  Ambariobe,  55 )   2-segmented,  second  segment  bearing 

August  13,  1963;  5  females  and  10  males  in  two   unequal   hyaline   setae   and   projected 

0.5  m,  Ambariobe,  October  6,  1963;  and  1  temiinally  to  form  a  broad  lamellate  lobe 

male   in   0.5   m,   west   of   Pte.    Mahatsinjo,  with  hyaline  margins.    Maxilliped  (Fig.  56) 

Nosy  Be,  January  31,  1964.    From  Styloph-  with  obscure  segmentation,  region  of  sec- 

ora  mordax    ( Dana ) :     4   females   in   2   m,  ond  segment  bearing  two  small  inner  setae 

Pte.  Ambarionaomby,  Nosy  Komba,  Octo-  and   two   lobate   expansions,   that   of  third 

ber  1,  1963.  segment   forming   t\\'0   spinelike   processes. 
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Relationships  of  liead  appc^ndages  as  in 
Figure  57. 

Legs  2-4  with  general  fomi  and  segmen- 
tation as  in  leg  1  (Fig.  5(S),  exopods  3-seg- 
mented,  endopods  2-segmented.  Spine  and 
setal   formula   as   follows: 

P,    protopod   0-0;  1-0  exp    I-O:  I-O;  I.  3 

end   0-0;  3 

P.  protopod    0-0;  1-0   exp     I-O;  1-0;  I,  2 

vnd    0-0;  3 
P.ancl  P,   protopod   0-0;  1-0  exp    I-O;  1-0;  I,  2 

end   0-0;  1 

In  all  four  legs,  l^asis  with  an  outer  naked 
seta  and  inner  group  of  long  setules.  Sec- 
ond segment  of  exopod  of  leg  1  with  a 
small  outer  spine;  in  legs  2  (Fig.  59),  3, 
and  4  this  spine  replaced  by  a  small  hya- 
line seta.  Inner  margins  of  exopod  seg- 
ments with  long  hairlike  setules.  Endopods 
of  all  four  legs  with  similar  setules  on  both 
margins  of  first  segment  and  on  outer  mar- 
gin of  second  segment.  Legs  1  (Fig.  58)  and 
2  with  three  terminal  setae  on  endopod; 
legs  3  (Fig.  60)  and  4  with  a  single  such 
seta.  Intercoxal  plate  of  leg  1  narrow  and 
U-shaped  (Fig.  5(S),  those  of  succeeding 
legs  much  narrower  and  V-shaped. 

Leg  5  (Fig.  61)  elongated  and  tapered 
distally,  the  free  segment  about  150  /x  long 
and  fused  with  body,  the  two  tenninal 
setae  35  and  37  /x  in  length.    Leg  6  absent. 

Color  in  lite  in  transmitted  light  opaque, 
intestine   reddish  brown,   eye   red. 

A/f//('.— Body  (Figs.  62  and  63)  slender, 
a  little  shorter  than  female.  Length  1.27 
mm  (1.25-1.28  mm)  and  greatc-st  width 
0.17  lum  (0.16-0.17  mm),  based  on  10 
specimens.  Only  slight  indication  of  ex- 
ternal  segmentation.    Caudal    ramus    (Fig. 

64 )  much  shorter  than  that  of  female,  24  X 
14  //,.  Body  surface  with  fewer  and  less 
conspicuous  setules   than   in   female. 

Rostral  area  like  that  ol  lemale.  i-'irst 
antenna  similar  to  that  of  female,  but  with 
an  additional  aesthete  on  second  segmiMit. 
Second  antenna  as  in  female.    Labrum  (Fig. 

65)  resembling  that  of  female,  but  with 
outer  corners  projected.  Mandible,  Hrst 
maxilla,  and  second  maxilla  like  those  ol 
lemale.    l^iragnath  absent.    Maxilliped  (i'Mg. 


66 )  segmented  and  armed  as  in  two  previ- 
ous species.  Second  segment  with  two 
inner  setae.  Fourth  segment  forming  prox- 
imal part  of  claw  and  bearing  two  unequal 
setae.  Claw  67  /x  along  its  axis,  showing  a 
line  of  partial  division  about  midway;  its 
inner  concaxe  margin  with  a  row  of  denti- 
form spinules  and  its  tip  bifurcated. 

Legs  1-4  as  in  female,  with  same  spine 
and  setal  formula.  Leg  5  ( Fig.  67 )  re- 
duced to  a  slight  ridge  bearing  two  setae 
22  and  24  /x  in  length,  with  a  third  seta 
arising  from  the  body  nearby.  Leg  6 
( Fig.  68 )  the  usual  posteroventral  flap  on 
genital  segment  with  two  setae. 

Spermatophore  ( Fig.  69 ) ,  attached  to 
female,  elongated,  277  X  55  /x,  not  includ- 
ing the  short  neck. 

Color  as  in  female. 

Efyt7w1oil.ll. — The  specific  name  dcco- 
rata,  from  Latin  =  decorated,  alludes  to  the 
many  setules  on  the  body  surface  and  on 
legs  1-4. 

Comparison  witJi  relalcd  species. — Like 
-V.  dispar  Humes,  1962,  X.  comata  Humes, 
1962,  A',  diminuta  Humes  and  Ho,  1967, 
and  A',  lainellispino.m,  A.  dccorata  has  2- 
segmented  endopods  in  legs  1-4.  The  new 
species  may,  however,  be  readib'  distin- 
guished from  each  of  these  four  species  b\- 
the  nature  of  the  outer  elements  on  the 
first  and  second  segments  of  the  exopods  of 
legs  1-4.  These  segments  in  A.  dispar  bear 
a  slender  spine.  In  A.  comata  the  first  seg- 
ment has  a  minute  spine  and  the  second  is 
unarmed.  In  A.  diminuta  and  A.  lamelli- 
s))inosa  both  segments  bear  a  well  devel- 
oped stout  spine.  Furthermore,  in  none  of 
the  four  species  does  the  claw  ol  tlK>  male 
maxilliped  ha\e  an  inner  row  of  dentiform 
spinules.   as   in   the  new    species. 

Xorifia    lissa    n.    sp. 
Figs.   70-90 

Type  matcriid. — 9  f(Mnalc>s  and  12  mal(\s 
Irom  Stylopliora  pi.stillata  (  Ivsper)  in  d(>pth 
of  0.5  m,  Ambariobe,  a  small  island  nearlx' 
between  Nosy  ivomba  and  Xosy  Be,  Mada- 
gascar.   Collected  August  4.   1963.    (  Nine- 
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teen  females  and  14  males  of  A',  decorata 
were  also  recovered  from  this  colony. ) 
Holotype  female,  allotype,  and  15  para- 
types  (6  females  and  9  males)  deposited 
in  the  United  States  National  Museum;  the 
remaining  paratypes  ( dissected )  in  the  col- 
lection of  A.  G.  Humes. 

Other  specimens. — From  Sfylo))]}uia  i)is- 
filhifa:  2  females  and  1  male  in  3  m,  Am- 
bariobe,  August  1.3,  1963;  7  females  and  6 
males  in  0.5  m,  Ambariobe,  October  6, 
1963.  From  StyJophom  mordax  ( Dana ) : 
2  females  and  1  male  in  2  m,  Pte.  Ambar- 
ionaomby.  Nosy  Komba,  October  1,   1963. 

Female. — Body  (Figs.  70  and  71)  mod- 
erately slender,  about  6  times  longer  than 
wide.  Length  1.40  mm  ( 1.36-1.50  mm  )  and 
greatest  width  0.23  mm  (0.20-0.25  mm), 
based  on  7  specimens.  External  segmenta- 
tion weakly  defined.  Region  dorsal  to  fifth 
legs  smooth,  without  processes,  in  lateral 
\  iew  (  Fig.  72 )  raised  dorsally.  Genital  and 
postgenital  segments  together  about  one- 
fifth  of  total  body  length.  Areas  of  attach- 
ment of  egg  sacs  located  dorsolaterally 
( Fig.  72 ) .  Caudal  ramus  ( Fig.  73 )  moder- 
ately elongated,  41  X  19  /a  ( width  taken  at 
middle),  about  twice  as  long  as  wide; 
armed  with  a  subterminal  outer  seta  and 
four  terminal  setae,  one  of  them  very  short. 
Egg  sac  (Fig.  71)  containing  2  or  3  eggs 
in  a  row,  eggs  somewhat  variable  in  size, 
distalmost  egg  in  figure  174  X  104  ,x.  Sur- 
face of  body  with  scattered  short  hairs. 

Rostral  area  as  in  X.  decorata.  First  an- 
tenna (Fig.  74)  3-segmented  and  short, 
about  45  IX  in  length.  Armature:  3,  18+1 
aesthete,  and  6  +  2  aesthetes,  all  setae  hya- 
hne  and  naked.  Second  antenna  (Fig.  75) 
4-segmented  and  armed  as  in  three  previous 
species.  Terminal  claw  relatively  short,  8  /x, 
and  adjacent  seta  long,   25  /». 

Labrum  (Fig.  76)  trilobed,  the  middle 
lobe  much  expanded  and  not  indented 
medially.  Mandible  (Fig.  77)  with  its 
blade  having  three  relatively  large  inner 
teeth,  two  smaller  outer  teeth,  and  a  re- 
curved tip.  Paragnath  absent.  First  maxilla 
(Fig.    78)    a    small    lobe    with    two    setae. 


Second  maxilla  (Fig.  79)  2-segmented, 
second  segment  bearing  two  unequal  ele- 
ments but  lacking  a  lamellate  process. 
Maxilliped  (Fig.  80)  probably  .3-segmented, 
but  segmentation  obscure.  Region  of  sec- 
ond segment  bearing  two  small  setae,  that 
of  third  segment  unarmed  except  for  a 
conical  terminal  process.  Relationships  of 
head  appendages  as  in  Figure  81. 

Legs  2-4  with  general  form  and  segmen- 
tation as  in  leg  1  ( Fig.  82 ) ,  exopods  3- 
segmented,  endopods  1-segmented.  Spine 
and  setal  formula  as  follows: 

P,  and  P.  protopod  0-0:  1-0  exp  I-O;  0-0:  I,  2 

end  .3 

P,  and  P,  protopod  0-0:  1-0  exp  I-O:  0-0:  I.  2 

end  1 

In  all  four  legs,  basis  with  an  outer  naked 
seta  and  an  inner  group  of  small  setules. 
Second  segment  of  exopods  unanned  (Fig. 
82 ) .  Endopods  of  legs  1  and  2  with  three 
terminal  setae,  endopod  of  legs  3  ( Fig.  S3 ) 
and  4  with  a  single  such  seta.  Intercoxal 
plates  in  all  four  legs  very  narrow  and  V- 
shaped. 

Leg  5  (Fig.  84)  moderately  elongated 
and  tapered  distally,  the  free  segment  par- 
tially fused  with  body  and  about  72  n  in 
length.  Two  terminal  setae  offset  on  end  of 
leg,  unequal,  24  and  .35  ix  long.  Seta  on 
body  near  free  segment  short.  Leg  6  ab- 
sent. 

Color  in  life  in  transmitted  light  opaque, 
intestine  reddish  brown,   eye  red. 

.A/c//c'.— Body  (Figs.  85  and  86)  elon- 
gated and  slender,  only  a  little  shorter  than 
female.  Length  1..32  mm  (1.24-1.40  mm) 
and  greatest  width  0.16  mm  (0.15-0.16 
mm),  based  on  10  specimens.  External 
segmentation  weakly  developed.  Caudal 
ramus  similar  to  that  of  female  but  smaller. 
.34  X  14  IX.  Body  surface  with  fewer  small 
hairs  than  in  female. 

Rostral  area  like  that  of  female.  First 
antenna  (Fig.  87)  resembling  that  of  fe- 
male, but  an  aesthete  added  on  second  seg- 
ment. Second  antenna,  labrum,  mandible, 
first  maxilla,  and  second  maxilla  as  in  fe- 
male.   Paragnath  absent.    MaxilHped   (Fig. 
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88)  segmented  and  armed  as  in  three  pre- 
vious species.  Second  segment  with  two 
inner  setae.  Fourth  segment  forming  prox- 
imal part  of  claw,  bearing  two  unequal 
setae.  Claw  63  /x  along  its  axis,  with  its 
inner  concave  margin  serrated  and  its  tip 
bifurcated. 

Legs  1-4  segmented  as  in  female.  Ar- 
mature as  in  female  except  for  second  exo- 
pod  segment  of  leg  1  where  there  is  a  small 
outer  hyaline  seta  (Fig.  89).  This  seta  ab- 
sent on  legs  2-4. 

Leg  5  reduced  to  3  setae  as  in  A',  dcco- 
rata,  without  a  free  segment.  Leg  6  (  Fig. 
90)  the  usual  posteroventral  flap  on  genital 
segment  with  two  setae. 

Spermatophore  (seen  only  inside  male, 
as  in  Figure  86)  elongated. 

Color  in  life  as  in  female. 

Etymology. — The  specific  name  lissa. 
from  the  Greek  word  A((r(ros-  =  smooth  oi- 
bare,  refers  to  the  absence  of  processes  on 
the  region  dorsal  to  the  fifth  legs  in  the 
female. 

Comparison  witJ}  related  .speeie.s. — Only 
two  other  described  species  of  Xarifia  lack 
processes  on  the  region  dorsal  to  the  fifth 
legs  in  the  female.  These  are  A',  reduela 
Humes,  1962,  and  A.  serrata  Humes,  1962. 
A.  rediieta  is  smaller  (female  1.06  mm, 
male  0.91  mm),  the  second  exopod  seg- 
ment of  legs  1-4  bears  a  small  knob,  and 
the  male  maxilliped  is  slender,  with  the 
claw  bearing  a  row  of  dentiform  spinules. 
A.  serrata  has  a  relatively  longer  leg  5  in 
the  female,  the  blade  of  the  mandible  bears 
several  small  spinules,  the  maxilliped  of 
the  female  bears  on  the  third  segment  a 
terminal  seta  and  an  elongated  blunt  proc- 
ess and  a  minute  subterminal  process,  the 
claw  of  the  male  maxilliped  has  larger  ser- 
rations, and  the  second  exopod  segment  of 
leg  1  in  the  male  is  unarmed.  The  new 
species  thus  appears  to  be  close  to  A.  ser- 
rata. but  differs  from  it  in  the  se\t'ral  in- 
spects mentioned. 

Xarifia    obesa    n.   sp. 
Figs.   91-113 

Type  material. — 8  females  and   10  males 


from  Poeillopora  verrueosa  ( Fllis  and  So- 
lander)  in  2  m,  west  of  Pte.  Mahatsinjo, 
Xosy  Be.  Madagascar.  Collected  Novem- 
ber 2,  1960.  (A.  eomata  Humes  and  A.  ser- 
rata Humes  were  also  collected  from  this 
colony  of  coral. )  Holotype  female,  allo- 
type, and  12  paratypes  (5  females  and  7 
males )  deposited  in  the  United  States  Na- 
tional Aluseum;  the  remaining  paratypes  in 
the  collection  of  A.  G.   Humes. 

Other  speeimens. — From  Poeillopora  ver- 
rueosa: 1  female,  2  males,  and  1  immature 
specimen  in  2  m,  Pte.  Mahatsinjo,  October 
26,  1960.  From  Poeillopora  sp.  cf.  P.  ver- 
rueosa: 9  females,  7  males,  and  2  immature 
specimens  in  2  m,  west  of  Pte.  Mahatsinjo, 
October  18,  1960.  From  Poeillopora  damic 
Verrill:  3  females,  2  males,  and  1  imma- 
ture specimen  in  6  m,  Tany  Kely,  a  small 
island  to  the  south  of  Nosy  Be,  December 
28,  1963. 

Female. — Body  (  Figs.  91  and  92  )  stouter 
than  in  other  species  of  Xarifia,  about  4 
times  longer  than  wide.  Length  1.34  mm 
(1.21-1.48  mm)  and  greatest  width  0.34  mm 
(  0.29-0.35  mm  ),  based  on  8  specimens.  Ex- 
ternal segmentation  indicated  b\  slight 
swellings.  Region  dorsal  to  fifth  legs  on 
each  side  with  a  posteriori)'  directed  proc- 
ess. Genital  and  postgenital  segments  to- 
gether about  one-third  of  total  body  length. 
Areas  of  attachment  of  egg  sacs  located 
dorsolaterally  (Fig.  93).  Egg  sac  (Fig. 
94)  about  300  >'  240  /*,  containing  seven 
eggs  in  a  cluster,  each  egg  about  130  fx  in 
diameter.  Caudal  ramus  (Fig.  95)  about 
70  fi  long  and  fused  with  bod\',  rather 
pointed,  with  its  small  spherical  ti[)  set  off 
from  the  i)r()ximal  i^art.  .\rmed  with  an 
outer  marginal  seta  and  three  terminal 
setae,  all  naked.  Bod)'  surface  with  a  few 
small   hairs. 

Hostral  area  (  Fig.  96 )  somewhat  cpiad- 
rate,  with  broadl)  lounded  posterior  mar- 
gin. First  antenna  (Fig.  97)  3-segmented 
and  short,  about  40  /i  in  length.  Armature: 
3,  17  +  1  aesthete,  and  4  +  2  aesthetes,  all 
setae  Inaline  and  naked.  Second  antenna 
(Fit:.    9S  )    3-seuniente(1.    tlie    last    two    setj- 
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ments  being  fused.  Armature  as  in  previ- 
ous four  species;  terminal  claw  strongly 
recurved,  about  20  /x  along  its  axis,  and 
adjacent  seta  16  /x. 

Labrum  (  Fig.  99 )  with  projected  corners. 
Mandible  (Fig.  100)  with  two  rows  of 
spinules  on  blade.  Paragnath  not  seen. 
First  maxilla  ( Fig.  101 )  a  small  lobe  with 
two  unequal  naked  setae.  Second  maxilla 
(Fig.  102)  globose  and  highly  modified, 
without  definite  segmentation,  the  region 
of  second  segment  indicated  b)  a  pair  of 
small  setae  and  a  more  distal  seta  and 
minute  process.  Maxilliped  ( Fig.  10.3 ) 
probably  3-segmented,  with  two  small  setae 
on  region  of  second  segment,  and  two  proc- 
esses and  a  small  seta  on  third  segment. 
Relationships  of  head  appendages  as  in 
Figure   104. 

Legs  2-4  with  general  form  and  segmen- 
tation as  in  leg  1  (Fig.  105),  exopods  .3- 
segmented,  endopods  1-segmented.  Spine 
and  setal  formula  as  follows: 

P,  and  ]\.  piotopod  0-0;  1-0  exp  I-O:  1-0;  I,  2 

end  3 

P«  and  P,  protopod  0-0;  1-0  exp  I-O:  1-0;  I,  2 

end  1 

In  all  four  legs,  basis  with  an  outer  seta. 
Second  segment  of  exopods  with  a  small 
hyaline  seta  instead  of  a  recurved  spine, 
as  in  Figure  105.  Endopods  of  legs  1  ( Fig. 
105)  and  2  with  three  terminal  setae,  en- 
dopods of  legs  3  ( Fig.  106 )  and  4  with  a 
single  such  seta.  Intercoxal  plate  of  leg  1 
wide  and  not  indented,  those  of  succeed- 
ing legs  narrower. 

Leg  5  ( Fig.  107 )  relatively  small  ( cf . 
Figs."91  and  93),  about  24x9  fj.  (width 
taken  at  middle),  with  two  terminal  setae 
18  and  22  /x  long.    Leg  6  absent. 

Color  in  life  in  transmitted  light  opaque, 
intestine  greenish  with  red  globules,  eye 
red,  egg  sacs  tinged  with  red. 

Male— Body  (  Figs.  108  and  109  )  stouter 
than  in  other  species,  approximately  4  times 
longer  than  wide,  and  only  a  little  shorter 
than  female.  Length  1.21  mm  (1.14-1.30 
mm )  and  greatest  width  0.29  mm  ( 0.26- 
0.31    mm),    based    on    10    specimens.     Ex- 


ternal segmentation  weakly  developed. 
Caudal  ramus  similar  to  that  of  female  but 
shorter,  55  jj.  in  length. 

Rostral  area  as  in  female.  First  antenna 
like  that  of  female,  but  an  additional  aes- 
thete on  second  segment.  Second  antenna, 
labrum,  mandible,  first  maxilla,  and  sec- 
ond maxilla  as  in  female.  Paragnath  not 
seen.  Maxilliped  (Fig.  110)  segmented  and 
armed  as  in  four  previous  species.  Second 
segment  with  two  inner  setae.  Fourth 
segment  forming  proximal  part  of  claw, 
bearing  two  setae,  one  proximal  and  the 
other  near  middle  of  concave  margin.  Dis- 
tal part  of  this  margin  slightly  serrated 
and  tip  of  claw  minutely  trifurcated. 

Legs  1-4  segmented  and  armed  as  in  fe- 
male. Leg  5  (Fig.  Ill)  reduced  to  a  small 
lobe  with  two  temiinal  setae  and  an  adja- 
cent seta  arising  from  body.  Leg  6  ( Figs. 
112  and  113)  the  usual  posteroventral  flap 
on  genital  segment  with  two  setae. 

Spermatophore  ( seen  only  inside  male, 
as  in  Figure   109 )   elongated. 

Color  in  life  as  in  female. 

Etijmoloii^ij. — The  specific  name  obcsa, 
from  Latin  =  fat  or  swollen,  alludes  to  the 
unusually  stout  body. 

Comparison  icitli  related  species. — X. 
fimhriafa  Humes,  1960,  is  the  only  other 
species  of  Xarifia  which  has  in  the  female 
two  long  processes  dorsal  to  the  fifth  legs. 
This  species  may  be  easily  separated  from 
X.  ohesa,  however,  by  its  fifth  legs  which 
lack  a  distinct  segment.  From  all  species 
in  the  genus  X.  ohesa  may  be  distinguished 
by  its  stout  body  and  the  unique  form  of 
its  caudal  ramus. 

Xarifia    brevicauda    n.    sp. 
Figs.    114-132 

Type  material. — 5  females  and  1  male 
from  Alveopora  sp.  in  3.5  m,  Nosy  N'Tan- 
gam,  on  the  western  side  of  Xosy  Be, 
Madagascar.  Collected  October  23,  1964. 
Holotype  female,  allotype,  and  3  paratypic 
females  deposited  in  the  United  States  Na- 
tional Museum;  the  remaining  paratypic 
female  (dissected)  in  the  collection  of  A. 
G.   Humes. 
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Female.— Body  (Figs.  114  and  115) 
moderately  slender,  about  5.5  times  longer 
than  wide'.  Length  1.27  mm  (1.23-1.35  mm) 
and  greatest  width  0.23  mm  (0.22-0.23  mm), 
based  on  5  specimens.  External  segmenta- 
tion weakly  indicated.  Region  dorsal  to 
filth  legs  with  three  nearly  equal  long  pos- 
teriorly directed  processes.  Genital  and 
postgenital  segments  fused  (Fig.  116),  form 
a  short  "tail,"  shield-shaped  in  dorsal  view 
and  only  about  one-sixth  of  total  body 
length.  Areas  of  attachment  of  egg  sacs 
situated  dorsally.  Each  sac  (Fig.  115) 
230  X  140  /x,  containing  two  eggs,  each 
about  140  X  120  /x.  Caudal  ramus  ( Fig. 
117)  elongated,  62  X  23  ^a,  with  one  outer 
marginal  and  four  terminal  setae.  Body 
surface  with  a  few  scattered  small  hairs. 
Rostral  area  (Fig.  118)  tongue-shaped 
and  rounded.  First  antenna  (Fig.  119)  4- 
segmented  ( the  third  segment  in  other  spe- 
cies being  here  divided  into  two  segments ) 
and  elongated,  about  75  /x  in  length.  Setae 
long  and  naked.  Armature:  3,  22+1  aes- 
thete, 2  +  1  aesthete,  and  7+1  aesthete. 
Second  antenna  (Fig.  120)  slender,  4-seg- 
mented,  and  armed  as  in  previous  five  spe- 
cies. Terminal  claw  28  jx  long  and  slender, 
adjacent  seta  18  //;  two  setules  near  base 
of  claw. 

Labrum  (Fig.  121)  projected  posteriori) 
at  both  free  corners.  Nhmdible  (  Fig.  121 ) 
with  a  pointed  smooth  blade.  Paragnath 
not  seen.  First  maxilla  (  Fig.  121  )  a  small 
lobe  with  two  setae.  Second  maxilla  (  Fig. 
121  )  2-segmented,  second  segment  with  two 
setae  and  a  terminal  lamellate  expansion. 
Maxilliped  (Fig.  122)  probably  3-seg- 
Miented.  First  segment  with  an  outer  distal 
expansion.  Second  seguK-nt  with  two  inner 
setae  and  two  expansions,  one  inner  and 
the  other  distal.  Third  segment  with  a 
small  lobe  and  a  short  terminal  claw .  Rela- 
tionships of  head  appendages  as  in  Figure 
123. 

Legs  1-4  with  3-segmented  exopods  and 
2-segmented  endopods.  Spine  and  setal 
formula  as  follows: 

r,  and  1'.    piolopod    ()~();   1-0    r\\)     I-O;   1-0;   I,  3 

ciul    0-0:  2 


p..  and  P,   protopod   0-0;  1-0  e.xp    I-O:  I-O;  I.  2 

end   0-0;  0 

In  all  four  legs,  basis  with  an  outer  seta 
and  an  inner  group  of  hairs.  Terminal  claw 
on  exopods  unusually  long,  nearly  as  long 
as  second  and  third  segments  combined. 
Endopods  of  legs  1  (Fig.  124)  and  2  with 
second  segment  truncated  terminally  and 
bearing  two  setae;  endopods  of  legs  3 
( Fig.  125 )  and  4  with  second  segment 
rounded  and  without  setae.  In  endopods 
of  all  four  legs  inner  margin  of  first  seg- 
ment with  hairs;  outer  margins  of  both 
segments  with  slender  setules.  Intercoxal 
plate  of  leg  1  broadly  U-shaped,  those  of 
succeeding  legs  narrower. 

Leg  5  ( Fig.  126 )  elongated,  138  ^  long, 
tapered  distally,  and  bearing  two  unequal 
terminal  setae  17  and  34  /i  in  length.  Leg 
6  absent. 

Color  in  life  in  transmitted  light  opaque, 
intestine  reddish  orange,  eye  red,  egg  sacs 
dark  gray. 

Male. — The  description  of  the  male 
which  follows  is  based  on  a  single  speci- 
men, the  allot\'pe,  which  was  studied  in 
lactic  acid  without  dissection. 

Bod)  ( Figs.  127  and  128 )  moderatel)- 
slender,  about  8  times  longer  than  wide, 
longer  than  female.  Length  1.51  mm  and 
greatest  width  0.18  mm.  External  segmen- 
tation onl)-  weakly  indicated.  Caudal  ramus 
(  Fig.  129 )  minute,  20  x  13  /<,,  w  ith  four 
setae,  (k'nital  and  postgenital  segments  to- 
gether about  one-fifth  of  total  body  length. 

Rostral  area  as  in  female.  First  antenna 
like  that  of  female  but  with  an  aesthete 
added  on  second  segment.  Second  antenna, 
labrum.  mandible,  first  maxilla,  and  second 
maxilla  as  in  female.  Paragnath  not  seen. 
Maxilliped  (Fig.  130)  segmented  and  armed 
as  in  fi\o  previous  species.  Second  seg- 
ment witli  two  iiinei-  setae.  Claw  62  /<  along 
its  axis,  armed  with  the  usual  two  .setae. 
(]()nca\('  inner  proximal  margin  with  a 
rounded  serrated  excrescence  and  tip  of 
claw    tiiiurcated. 

Legs  1-4  segmented  and  armed  as  in  te- 
inale.    Leg  5  (Fig.  131)   minute,  with  only 
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a  slight  ridge  bearing  t\\o  setae  represent- 
ing the  free  segment.  Leg  6  (Fig.  132)  the 
usual  posteroventral  flap  on  genital  seg- 
ment bearing  two  setae. 

Spermatophore  not  seen. 

Color  in  life  as  in  female. 

Etymology. — The  specific  name  brevi- 
caiida,  from  the  Latin  \\  ords  brevis  =  short, 
and  Cauda  =  tail,  refers  to  the  unusually 
short  genital  and  postgenital  area. 

Comparison  icith  related  species. — X. 
brevicauda  may  be  distinguished  from  all 
previously  described  species  in  the  genus 
by  its  abbreviated  genital  and  postgenital 
region  and  by  the  serrated  excrescence  on 
the  claw  of  the  male  maxilliped.  Apart 
from  these  distinctions  it  may  further  be 
separated  from  those  species  having  2-seg- 
mented  endopods  in  legs  1-4  (X.  dispar 
Humes,  1962,  X.  comata  Humes,  1962.  X. 
diminuta  Humes  and  Ho,  1967,  X.  lamel- 
lispinosa,  and  X.  decorata )  by  the  nature 
of  the  three  outer  spines  on  the  exopods  of 
legs  1-4  (the  two  proximal  spines  being 
short,  the  terminal  spine  longer  than  the 
last  segment  of  the  exopod ) . 

Xarifia   temnura    n.   sp. 
Figs.   133-153 

Type  material. — 12  females  and  4  males 
from  Montipora  sinensis  Bernard  in  a  depth 
of  1  m.  Nosy  Taolankena,  a  small  island  on 
the  northwestern  side  of  Nosy  Be,  Mada- 
gascar. Collected  November  15,  1963.  Ho- 
lotype  female,  allotype,  and  11  paratypes 
(8  females  and  2  males)  deposited  in  the 
United  States  National  Museum;  the  re- 
maining paratypes  in  the  collection  of  A. 
G.  Humes. 

Female— Body  (Figs.  133  and  134) 
elongated  and  very  slender,  about  10  times 
longer  than  wide.  Length  1.52  mm  (1.47- 
1.65  mm)  and  greatest  width  0.15  mm 
(0.14-0.15  mm),  based  on  10  specimens. 
Extenial  segmentation  lacking.  Region 
dorsal  to  fifth  legs  smooth,  without  proces- 
ses. Area  bearing  these  legs  turned  ven- 
trally  (Fig.  135)  toward  sites  of  attach- 
ment of  egg  sacs  and  partially  overlapping 


these  regions  of  attachment  laterally,  thus 
producing  a  truncated  appearance.  Post- 
genital segments  completely  fused  into  a 
single  body  region  which  is  relatively  mi- 
nute ( 52  /x  along  its  dorsal  surface  and  83  (j. 
along  its  ventral  surface,  not  including  the 
caudal  rami).  This  "tail"  region,  together 
with  the  caudal  rami,  only  about  one-thir- 
teenth of  total  body  length.  Caudal  ramus 
( Fig.  136 )  fused  with  anal  segment,  lobate, 
28  fi  long  with  four  short  naked  setae.  Egg 
sac  (Fig.  133)  elongated,  with  3  or  4  eggs  in 
a  row.  In  the  female  figured,  right  sac  430  fx 
long  with  middle  egg  140  X  114  /t,  left  sac 
506  /x  long  with  penultimate  egg  130  X 
125  /x.  Body  surface  with  very  few  small 
hairs. 

Rostral  area  ( Fig.  139 )  weakly  devel- 
oped. First  antenna  ( Fig.  137 )  3-seg- 
mented  and  very  short,  about  23  fx  long. 
Setae  hyaline  and  naked.  Armature:  3, 
15  +  1  aesthete,  and  6  +  2  aesthetes  (though 
setae  so  densely  arranged  that  it  is  diffi- 
cult to  count  exact  number).  Second  an- 
tenna ( Fig.  138 )  4-segmented  and  armed 
as  in  six  previous  species.  Terminal  claw 
transformed  to  a  relatively  long  spine  ( 28  /x 
in  length);  adjacent  seta  short  (4  /x)  and 
spiniform.  A  few  small  spines  on  anterior 
edge  of  second  and  third  segments. 

Labrum  (  Fig.  139  )  very  slightly  trilobed. 
Mandible  (Fig.  140)  with  a  pointed 
smooth  blade.  Paragnath  (Fig.  139)  con- 
sisting of  a  very  small  lobe  with  a  few  mi- 
nute hairs.  First  maxilla  (Fig.  141)  a  mi- 
nute lobe  with  two  naked  setae.  Second 
maxilla  (Fig.  142)  2-segmented,  second 
segment  bearing  two  minute  setae  and  a 
terminal   clawhke   spine.    Maxilliped   (Fig. 

143)  highly  modified,  with  two  inner  setae 
on  second  segment  and  two  smaller  setae 
on  what  is  probably  the  third  segment.  Re- 
lationships of  head  appendages  as  in  Fig- 
ure 139. 

Legs   1-4   small,   exopod   of  leg   1    (Fig. 

144)  3-segmented,  exopods  of  legs  2  (Fig. 
146),  3,  and  4  probably  3-segmented,  but 
second  and  third  segments  of  these  legs 
without   distinct  line  of  separation;   endo- 
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pods  of  all  four  legs   1-segmented.    Spine 
and  setal  formula  as  follows: 

P,   piotopod   0-U:  1-0  cxp  I-O;  I-O;  I.  3 

end  1 

P.  protopcxl   0-0:  1-0  exp  I-O;  0-0;  I,  3 

end  1 

P.,  and  P,  piotopod  0-0;  1-0  exp    I-O;  0-0;  1,  2 

end   0 

In  all  four  legs,  basis  with  an  outer  seta. 
Endopods  of  legs  1  ( Fig.  145 )  and  2  ( Fig. 
146)  with  a  single  terminal  seta;  endopods 
of  legs  3  ( Fig.  147 )  and  4  without  a  seta. 
In  all  four  endopods  outer  margin  with  nu- 
merous slender  setules.  Intereoxal  plate  of 
leg  1  U-shaped,  beeoming  narrower  in  suc- 
ceeding legs. 

Leg  5  (Figs.  135  and  148)  minute,  lo- 
cated dorsolaterally  above  truncated  re- 
gion. Free  segment  reduced  to  a  small  lobe 
about  5  /x  in  length  bearing  two  setae.  Leg 
6  absent. 

Color  in  life  in  transmitted  light  opaque, 
intestine  reddish  brown,  eye  red,  egg  sacs 
reddish  brown. 

Male.— Body  (Figs.  149  and  150)  very 
slender,  about  10.5  times  longer  than  wide. 
Length  1.46  mm  ( 1.43-1.50  mm  )  and  great- 
est width  0.14  mm  (0.13-0.15  mm),  based 
on  4  specimens.  External  segmentation 
weakly  indicated.  Caudal  ramus  ( Fig. 
151 )  minute,  13  /j  long,  fust>d  with  anal 
segment  and  bearing  four  setae;  the  two 
rami  rather  divergent.  Cenital  and  post- 
genital  segments  together  about  one-third 
of  total  body  length.  Body  surface  witli 
very  few  scattered  small  hairs. 

Rostral  area  as  in  female.  First  antenna 
like  that  of  female  but  an  aesthete  added 
on  second  .segment.  Second  antenna  as  in 
female.  Labrum  (Fig.  152)  resembling 
that  of  female  but  with  po.sterior  margin 
having  a  pair  of  small  teeth  medially  and 
a  small  tooth  at  each  corner.  Mandible, 
paragnath,  first  maxilla,  and  second  maxilla 
as  in  female.  Maxilliped  ( h'ig.  153)  sc>g- 
mented  and  armed  as  in  six  previous  spe- 
cies. Second  segment  with  two  inner  setae. 
(]]aw  42  fi  along  its  axis,  armed  with  I  wo 
setae.    C^oncave  margin   j:)roximall\    with   a 


rather    triangular   serrated   process;    tip    of 
claw  trifurcated. 

Legs  1-4  segmented  and  armed  as  in  fe- 
male. Leg  5  (Fig.  150)  very  reduced,  con- 
sisting only  of  three  small  setae,  as  in  X. 
lissa.  Leg  6  (Fig.  150)  a  posteroventral 
flap  on  genital  segment  bearing  two  small 
setae. 

Spermatophore  (seen  only  inside  male, 
as    in    Figure    149 )    elongated. 

Color  in  life  as  in  female. 

Etymulog,y. — The  specific  name  temnura, 
froin  the  Greek  words  re/xi'<o  =  cut  off  and 
(wpd  =  tail,  refers  to  the  truncated  appear- 
ance of  the  posterior  part  of  the  body. 

Comparison  uitJi  related  speeies. — The 
females  of  X.  temnura  may  be  recognized 
by  the  unique  truncated  posterior  region 
and  the  \'ery  small  postgenital  area.  In 
only  three  other  species  does  the  female 
lack  processes  on  the  region  dorsal  to  the 
fifth  legs.  These  are  X.  redueta  Humes, 
1962,  X.  serrata  Humes,  1962,  and  X.  lissa. 
All  differ  from  X.  temnura,  however,  in 
the  body  being  much  stouter  (6-7  times 
longer  than  wide )  and  in  the  much  longer 
fifth  legs  (X.  redueta  =  M  /a,  X.  serrata  = 
122  /J,  and  X.  lissa  =  72  /<, ).  The  male  of 
X.  temnura  differs  from  all  other  species 
ha\ing  1-segmented  endopods  on  legs  1-4 
in  the  nature  of  the  claw  of  the  maxilliped 
and  in  the  form  of  the  caudal  ramus. 

Xarifia    anomala    n.    sp. 
Figs.   154-173 

Tyj)e  nuiterial. — 2  females  and  3  males 
from  Aeropora  palifera  ( Lamarck )  in  a 
depth  of  2  m,  Tan\-  Kely,  a  small  island  to 
the  south  of  Nos>  Be,  Madagascar.  Col- 
lected October  3,  1963.  Holotype  female, 
allotype,  and  1  male  paratype  deposited 
in  the  United  States  National  Museum;  the 
remaining  paratypes  (  dissected  )  in  the  col- 
lection of  A.  G.  Humes. 

Female. — Body  ( l^'igs.  154  and  155) 
moderately  slender,  about  7.(S  times  longer 
than  wide.  Length  1.25  mm  (1.25-1.26 
mm)  and  greatest  width  0.16  mm  (0.16- 
0.17  mm),  based  on  2  specimens.  External 
seiimeiitatioii    \vy\    wcakK     indicated.     He- 
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gion  dorsal  to  fifth  legs  with  three  moder- 
ately long  posteriorly  directed  processes,  all 
nearly  equal  in  length.  Genital  and  post- 
genital  region  recurved  in  specimens  in 
alcohol,  witli  caudal  rami  turned  dorsally 
(Fig.  156),  this  entire  region  comprising 
about  one-fifth  of  total  body  length.  Areas 
of  attachment  of  egg  sacs  located  dorso- 
laterally.  Egg  sac  unknown.  Caudal  ramus 
(Fig.  157)  elongated,  52  x  15  /x,  with  one 
outer  marginal  and  four  terminal  naked 
setae.  Body  surface  with  a  few  scattered 
small  hairs. 

Rostral  area  forming  a  prominent 
rounded  lobe  (Fig.  161),  similar  to  that  of 
male  (Fig.  16S).  First  antenna  small,  about 
.33  IX  in  length,  probably  3-segmented, 
though  last  two  segments  seem  partially 
divided;  similar  to  that  of  male  (Fig.  168). 
Armature:  3,  22  (no  aesthete  visible  here), 
and  9  +  2  aesthetes.  Second  antenna  ( Fig. 
158)  4-segmented  and  armed  as  in  pre\ious 
seven  species.  Terminal  claw  recurved  and 
slender,  10  p.  long,  with  adjacent  seta  19  /x 
in  length. 

Labrum  of  a  form  similar  to  that  of  male 
(Fig.  169).  Nhmdible  a  smooth  attenuated 
recurved  blade  as  in  male  (Fig.  170). 
Paragnath  an  obscure  minute  smooth  prom- 
inence near  inner  base  of  first  maxilla. 
First  maxilla  (Fig.  159)  a  small  lobe  with 
two  setae  and  a  small  spinous  process. 
Second  maxilla  2-segmented,  second  seg- 
ment with  two  small  setae  and  an  elongated 
lamellate  expansion,  as  in  male  (Fig.  171). 
Maxilliped  (Fig.  160)  probably  3-seg- 
mented. First  segment  with  a  well  sclero- 
tized  almost  hooklike  lobe  on  distal  outer 
surface.  Second  segment  with  two  inner 
setae.  Third  segment  with  a  spiniform 
process  and  a  terminal  lamellate  element. 
Relationships  of  head  appendages  as  in 
Fig.  161. 

Legs  1-4  with  3-segmented  exopods  and 
2-segmented  endopods.  Spine  and  setal 
formula  as  follows: 

P,    protopod    ()-();  1-0   exp  I-O;  I-O;  I,  3 

end  0-0;  0 

p..  protopcxl    0-0;  1-0   exp  I-O;  I-O;  I,  2 

end  0-0;  .3 


P.  and  P,  protopod  0-0;  1-0  exp    I-O;  I-O;  I,  2 

end   0-0;  0 

In  all  four  legs  intercoxal  plates  narrow 
and  V-shaped;  basis  with  an  outer  seta  and 
an  inner  group  of  hairs.  Claws  on  exopods 
with  short  but  conspicuous  terminal  lamel- 
lae. Second  segment  of  endopod  of  leg 
1  (Fig.  162)  without  terminal  setae  (though 
slender  setules  occur  along  outer  margin 
of  segment).  Second  segment  of  endopod 
of  leg  2  (Fig.  163)  with  three  terminal 
setae.  Legs  3  and  4  resembling  in  general 
structure  first  two  legs,  but  second  endopod 
segment  without  terminal  setae. 

Leg  5  ( Fig.  164 )  elongated,  about  100  /x 
in  length,  tapered  distally,  with  two  un- 
equal terminal  setae  13  and  23  /x  long.  Leg 
6  absent. 

Color  in  life  unknown. 
A/fl/c— Body  (Figs.  165  and  166)  fairly 
slender,  about  9  times  longer  than  wide. 
Length  1.21  mm  (1.15-1.25  mm)  and 
greatest  width  0.13  mm  (0.12-0.14  mm), 
based  on  3  specimens.  External  segmenta- 
tion very  weak.  Genital  and  postgenital 
segments  together  about  one-fourth  of  total 
body  length.  Caudal  ramus  (Fig.  167)  re- 
duced to  five  setae  arising  directly  from 
anal  segment. 

Rostral  area  and  first  antenna  ( Fig.  168 ) 
like  those  in  female,  as  far  as  could  be 
determined.  (The  presence  of  an  extra 
aesthete  in  the  male,  as  often  found  in  this 
genus,  could  not  be  established.)  Second 
antenna  as  in  female.  Labrum  (Fig.  169), 
mandible  (Fig.  170),  paragnath,  first  max- 
illa, and  second  maxilla  (Fig.  171)  resem- 
bling those  of  female.  Maxilliped  (Fig.  172) 
segmented  and  armed  as  in  seven  previous 
species.  Second  segment  with  two  unequal 
inner  setae.  Claw  28  /x  along  its  axis,  armed 
with  two  setae.  Concave  margin  with  a 
few  spinules  and  tip  of  claw  trifurcated. 
Legs  1-4  segmented  and  armed  as  in  fe- 
male. Leg  5  ( Fig.  173 )  consisting  of  three 
small  setae,  arising  from  body  wall  and 
without  a  free  segment.  Leg  6  (Fig.  173) 
the  usual  posteroventral  flap  on  genital 
segment  with  two  small  setae. 
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Spermatophore  seen  only  inside  body  of 
male,  as  in  Figure  173. 

Color  in  life  unknown. 

Etymolo^^y. — The  specific  name  anomala, 
from  di'oj/7aAos  =  uneven  or  unequal,  refers 
to  the  peculiar  formula  for  the  terminal 
armature  of  the  endopods  of  legs   1-4. 

Comparison  with  related  species. — X. 
auomala  may  be  distinguished  from  the  six 
already  described  species  of  Xarifia  which 
have  2-segmented  endopods  on  legs  1-4  b\ 
the  absence  of  terminal  setae  on  the  endo- 
pod  of  its  first  leg  and  by  the  extreme  sexual 
dimorphism  in  the  caudal  ramus.  Three 
of  these  six  species,  X.  dispar  Humes,  1962, 
X.  comata  Humes,  1962,  and  X.  dccorata, 
have  the  outer  spine  on  the  second  seg- 
ment of  the  exopod  of  leg  1  reduced  or 
absent,  thus  further  separating  them  from 
the  new  species.  Of  the  remaining  three 
species,  X.  brevicauda  has  a  shorter  post- 
genital  region,  X.  lamellispinosa  has  a  short 
stout  claw  on  the  second  antenna  and  a 
toothed  mandible,  and  X.  diuiinuta  Humes 
and  Ho,  1967,  has  relatively  short  stout 
spines  on  the  exopods  of  legs  1-4. 

Xarifia    hamata    n.    sp. 
Figs.    174-194 

Type  material. — 64  females  and  16  males 
from  Turhinaria  sp.  (tabulate  group,  near 
T.  elciians  Bernard  but  not  this  species )  in 
a  depth  of  2  m.  Nosy  Taolankena,  a  small 
island  off  the  northwestern  shore  of  Nosx 
Be,  Madagascar.  Collected  Xoxember  15. 
1963.  Holotype  female,  allotype,  and  58 
paratypcs  (45  females  and  13  males)  de- 
posited in  the  United  States  National  Mu- 
seum; 1 1  paratv  pic  females  in  the  Mus(>um 
of  (>omparati\ f  Zoology;  and  the  remain- 
ing paratypcs  in  the  collection  ol  A.  (t. 
Humes. 

Female. — Body  (Figs.  174  and  175)  mod- 
erately slender,  about  6.3  times  longer  than 
wide.  Length  1.3<S  mm  (1.29-1.42  mm) 
and  greatest  width  0.22  mm  (0.21-0.22  mm), 
based  on  10  specimens.  Fxternal  segmen- 
tation weakly  indicated,  except  in  a  few 
specimens  where  postgenital  segm(>nts  are 


more  clearly  delimited  (Fig.  176).  Region 
dorsal  to  fifth  legs  with  three  moderately 
long  posteriorly  directed  processes,  all 
nearly  equal  in  length.  Genital  and  post- 
genital  region  short  and  held  at  a  slight 
angle  to  main  body  axis,  this  region  com- 
prising about  one-seventh  of  total  body 
length.  Areas  of  attachment  of  egg  sacs 
situated  dorsolaterally.  Egg  sac  ( Fig.  175 ) 
about  374  X  198  /x,  containing  usually  5, 
but  sometimes  6  eggs,  each  about  115  p.  in 
diameter.  Caudal  ramus  ( Fig.  177 )  not 
clearl)-  delimited  from  anal  segment,  ap- 
proximately 41  X  17  /x  (width  taken  at  mid- 
dle ) ,  with  a  strong  outer  marginal  seta  and 
four  more  slender  terminal  setae.  All  setae 
naked.  Dorsal  surface  of  ramus  with  a  few 
hairs.  Body  surface  ornamented  with  very 
few  minute  hairs. 

Rostral  area  resembling  that  of  X.  lamel- 
lispinosa. First  antenna  (Fig.  178)  small, 
about  55  /.L  in  length,  apparently  3-seg- 
mented,  though  second  and  third  segments 
show  partial  division.  Armature:  3,  22  + 
1  aesthete,  and  9  +  2  aesthetes.  Second 
antenna  (  Fig.  179 )  4-segmented  and  armed 
as  in  eight  previous  species.  Last  segment 
terminalK  with  a  slender  claw  13  /x  long, 
a  seta  19  /x,  a  small  setule,  and  a  minute 
spinous  process. 

Labrum  (Fig.  180)  with  trilobate  free 
margin.  Mandible  (  Fig.  181 )  with  a  sinu- 
ous smooth  attenuated  blade.  Paragnath 
a  small  lobe  with  a  few  hairs,  similar  to 
that  shown  for  the  male  in  Figure  193. 
First  maxilla  (Fig.  182)  with  two  naked 
setae  and  a  spinous  process.  Second  max- 
illa (  Fig.  183 )  2-segmented.  second  seg- 
ment elongated  with  two  proximal  inner 
setae  and  a  third  seta  near  its  obtuse  h\a- 
line  tip.  Maxilliped  (Fig.  184)  3-segmented. 
second  segment  w  ith  two  inner  setae,  third 
w  ith  two  inner  setae  and  terminating  in  a 
claw  likc>  process.  Relationships  of  head  ap- 
pendages as  in  Figure  185. 

Legs  1 — I  with  similar  torm  and  segmen- 
tation, exopods  3-segm(>nted,  endopods  2- 
segmentetl.  Spim-  and  setal  formula  as 
lollows: 
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P,   protopod   0-0:  1-0  exp  I-O:  1-0:  I,  3 

end  0-0:  2 

P.  protopod   0-0:  1-0  exp  I-O;  1-0:  I.  3 

end  0-0;  1,  I 

P.andP.  protopod  0-0:  1-0  exp    I-O;  1-0:  1.2 

end    0-0;  I 

First  segment  of  exopod  of  all  four  legs 
with  a  spinifonn  process  at  base  of  outer 
spine;  second  segment  of  these  exopods 
with  an  outer  seta  instead  of  a  spine.  In 
all  four  legs  inner  margins  of  first  and  sec- 
ond segments  of  exopods  and  outer  margins 
of  both  segments  of  endopods  with  long 
hairs.  Terminal  segment  of  endopod  of 
leg  1  with  two  setae  (Fig.  186),  of  leg  2 
with  an  outer  seta  and  an  inner  clawlike 
spine  ( Fig.  187 ) ,  and  of  legs  3  and  4  with 
a  single  clawlike  spine  (Fig.  188).  Leg  4 
(not  drawn)  similar  to  leg  3.  Intercoxal 
plates   roughly   \'-shaped   in   all   four  legs. 

Leg  5  ( Fig.  189 )  moderately  elongated, 
about  58  fx  long,  tapered  distally,  with  two 
unequal  terminal  setae  24  and  32  /x  long. 
Leg  6  absent. 

Color  in  life  in  transmitted  light  slightly 
brownish,  intestine  reddish  brown,  eye  red, 
egg  sacs  reddish  brown  to  dark  grayish 
black. 

Male.— Body  (Figs.  190  and  191)  slender, 
about  9.1  times  longer  than  wide.  Length 
1.28  mm  (1.15-1.56  mm)  and  greatest  width 
0.14  mm  (0.13-0.14  mm),  based  on  10 
specimens.  External  segmentation  weakly 
defined  except  in  some  specimens  in  post- 
genital  area  (Fig.  192).  Genital  and  post- 
genital  segments  together  less  than  one- 
third  of  total  body  length.  Caudal  ramus 
similar  to  that  of  female  but  smaller  and 
relatively   broader,   25  x  13   /x. 

Rostral  area  as  in  female.  First  antenna 
like  that  of  female,  but  with  four  aesthetes, 
one  being  added  on  midanterior  margin  of 
middle  segment.  Second  antenna  as  in  fe- 
male. Labrum  resembling  that  of  female 
but  with  a  minute  toothlike  process  on 
comers  of  outer  lobes.  Mandible,  parag- 
nath  (Fig.  193),  first  maxilla,  and  second 
maxilla  as  in  female.  Maxilliped  (Fig. 
194 )  segmented  and  armed  as  in  eight  pre- 
vious  species.    Second    segment   with   two 


inner  setae.  Claw  40  /x  along  its  axis, 
armed  with  two  setae.  Concave  margin 
with  a  few  minute  serrations  near  distal 
seta. 

Legs  1-4  segmented  and  armed  as  in  fe- 
male. Leg  5  without  a  free  segment,  con- 
sisting of  three  small  setae,  two  of  them 
arising  from  a  very  slight  ridge  ( Fig.  192 ) . 
Leg  6  the  usual  posteroventral  flap  on  gen- 
ital segment  bearing  two  small  setae  ( Fig. 
192). 

Spennatophore  seen  only  inside  body  of 
male,   as  in   Figure   192. 

Color  in  life  resembling  that  of  female. 

Etijmologij. — The  specific  name  hamata, 
from  Latin  =  provided  with  hooks,  refers 
to  the  clawlike  spines  on  the  endopods  of 
legs  2-4. 

Comparison  ititJi  related  speeies. — X. 
Jiamata  ma\'  be  distinguished  from  all  other 
nineteen  species  in  the  genus  b\'  the  com- 
bination of  the  following  three  characters: 
the  endopods  in  all  four  legs  2-segmented, 
the  endopods  of  legs  3  and  4  with  a  claw- 
like terminal  spine,  and  the  exopods  of  all 
four  legs  with  a  spinal  armature  of  I,  1,  I. 
The  presence  of  a  clawlike  spine  on  the 
second  segment  of  the  endopod  in  legs  2-4 
is  sufficient  to  separate  the  new  species 
from  all  others  in  the  genus  (where  the 
endopods  either  bear  setae  or  are  unarmed, 
though  they  may  be  ornamented  with 
slender  setules  or  hairs ) . 

Xarifia    dispar   Humes,    1962 

This  species  has  been  previously  recorded 
onlv  from  Echinopora  earduus  Klunzinger 
in  Madagascar.  It  is  now  reported  from 
two  new  hosts  as  follows: 

1)  from  Echinopora  iicmmacca  (La- 
marck ) :  3  females  and  7  males  in  2  m, 
northern  end  of  Nosy  Sakatia,  off  the  west- 
ern side  of  Nosy  Be,  Madagascar,  Septem- 
ber IS,  1963;  6  females  and  3  males  in  1  m, 
Pte.  de  Tafondro,  Nosy  Be,  September  21, 
1963. 

2)  from  Echinopora  lamellosa  (Esper): 
6  females  and  7  males  in  1  m,  Pte.  Ambar- 
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ionaomby.    Nosy    Komba,    near    Nosy    Be, 
June  24/1963. 

The  specimens  from  the  t\\'o  ne\\'  hosts 
agree  in  all  significant  features  with  para- 
typic  specimens.  Although  in  the  original 
description  paragnaths  were  said  to  be  ab- 
sent, we  have  found  both  in  paratypic 
specimens  and  in  the  new  material  two 
small  elongated  lobes  which  are  clearly 
paragnaths. 

Xarifio   serrafa    Humes,    1962 

The  type  specimens  of  this  species  were 
taken  by  Humes  (1962)  in  Madagascar 
from  Pocillopora  damicomis  Dana.  He 
found  other  specimens  on  Seriatopora  .stil)- 
■seriata  Ehrenberg  and  Pocillopora  verru- 
cosa (Ellis  and  Solander).  The  species  was 
again  reported  from  Seriatopora  suhseriata 
by  Humes  and  Frost  ( 1964 ) . 

We  have  now  recovered  it  from  a  new 
host,  Pocillopora  htilhosa  Ehrenberg,  from 
which  29  females  and  34  males  were  taken 
in  10  cm  at  Ankify,  on  the  mainland  of 
Madagascar  opposite  Nosy  Komba,  June 
11,  1964.  These  specimens  agree  com- 
pletely with   paratypic  material. 

ORSJOtAElLA   n.  gen. 

Type    species.— Ors/ome//a    faviae    n.    sp. 

Female. — Body  elongated,  slender,  with 
indistinct  segmentation.  Region  dorsal  to 
fifth  legs  without  processes.  Rostral  area 
weakly  developed.  Caudal  ramus  with  a 
few  short  tenninal  setae. 

First  antenna  6-segmented,  first  segment 
with  an  anterior  process,  remaining  seg- 
ments with  numerous  short  setae.  Second 
antenna  3-segmcnted,  terminal  segment 
( w  ith  slight  indication  of  division  into  two 
segments)    bearing  two  unecpial   elements. 

Labruni  with  widely  separated  lobes. 
Mandible  and  paragnath  absent,  b'irst 
maxilla  with  three  elements.  Second  max- 
illa 2-segmented.    Maxilliped  3-segmentcd. 

Legs  1  and  2  with  2-segmented  exopods 
and  endopods.  Legs  3  and  4  with  2-seg- 
mented exopods,  but  endopods  absent.  Leg 
5  a  ridge  with  three  setae.     Leg  6  absent. 


Male. — Resembling  female  with  follow- 
ing exceptions.  First  antenna  with  four 
aesthetes.  Lateral  margins  of  labral  lobes 
with  crenated  depressions.  First  maxilla 
w  ith  two  elements.  Maxilliped  probably  4- 
segmented,  claw  short.  Leg  6  a  postero- 
ventral  flap  with  two  \ery  small  setae. 

Living  in  polyps  of  madreporarian  corals. 

Gender   feminine. 

Etiimoloinj. — The  name  Orstomella  is 
formed  from  ORSTOM,  the  abbreviation 
for  the  Office  de  la  Recherche  Scientifique 
et  Technique  Outre-Mer,  the  organization 
of  the  French  Ciovernment  which  operates 
the  Centre  O.R.S.T.O.M.  (formerly  the 
Centre  d'Oceanographie  et  des  Peches )  at 
Nosy  Be,  Madagascar,  and  which  has  aided 
in  so  many  ways  the  field  work  in  connec- 
tion with  this  study. 

Orstomella   faviae    n.   sp. 
Figs.    195-219 

Type  material. — 11  females,  8  males,  and 
4  copepodids  from  two  colonies  of  Favia 
sp.  in  a  depth  of  2  m,  west  of  Pte.  Mahats- 
injo.  Nosy  Be,  Vhidagascar.  Collected  April 
10,  1964.  Holotype  female,  allotype,  and 
12  paratypes  (7  females  and  5  males)  de- 
posited in  the  United  States  National  Mu- 
seum; the  remaining  paratypes  (dissected) 
in  the  collection  of  A.  G.  Humes. 

Female.— Body  (Figs.  195  and  196) 
elongated  and  slender,  about  6.4  times 
longer  than  wide,  slightly  thickened  dorso- 
ventrally  in  prosomal  region,  with  indistinct 
segmentation  and  lacking  fine  ornamenta- 
tion. Length  2.19  mm  (2.10-2.26  mm)  and 
greatest  width  0.34  mm  (0.32-0.36  mm), 
based  on  10  specimens.  Region  dorsal  to  fifth 
legs  without  processes.  Genital  and  post- 
genital  segments  together  about  one-third 
of  total  body  length.  Genital  segment 
(  Fig.  197  )  bipartite,  the  anterior  third  nar- 
row (78  ^'  179  // )  with  areas  of  attachment 
ol  egg  sacs  dorsolateral  in  position,  the  pos- 
terior two-thirds  broader  (177x198  jx). 
Three  postgenital  segments  133  X  180,  55  X 
144.  and  107  X  122  /x  from  anterior  to  pos- 
terior.   Last  segment  with  a  prominent  anal 
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operculum.  Caudal  ramus  (Fig.  198)  mod- 
erately elongated,  80  X  26  jx,  about  3  times 
longer  than  wide;  bearing  terminally  a  seta 
20  jj.  and  a  minute  spinule  3  /x  long,  and 
having  on  its  proximal  outer  margin  a  hya- 
line setule  6  /x  long.    Egg  sac  unknown. 

Rostral  area  ( Fig.  199 )  weakly  devel- 
oped. First  antenna  (Fig.  199)  short,  about 
80  IX  in  length,  and  6-segmented,  bearing 
numerous  short  setae  which  are  sclerotized 
proximalh'  but  hyaline  distalh  with  some- 
what obtuse  tips.  Lengths  of  segments 
( measured  along  their  posterior  non-setif- 
erous  margins)  15,  24,  14,  9.  9,  and  8  ix 
respectively.  First  segment  with  an  ante- 
rior process  (probably  not  a  true  element, 
since  it  has  no  articulation).  Formula  for 
armature:  0,  3,  6,  4,  3,  6.  A  few  minute 
spinules  on  surface  of  segments.  Second 
antenna  ( Fig.  200 )  3-segmented,  about  44 
IX  long  \\'ith()ut  setae;  first  segment  wide 
with  an  anteroventral  jointed  seta  16  /x  long; 
second  segment  elongated,  slender,  and 
unarmed;  third  segment  also  elongated  and 
slender,  with  slight  indication  of  division 
and  bearing  terminally  a  jointed  seta  15  /x 
and  a  short  spine  5  jx  long. 

Labrum  (Fig.  201)  with  two  lobes  widely 
separated  and  both  bearing  a  surficial  seta; 
other  fine  ornamentation  as  indicated  in 
figure.  Mandible  and  paragnath  absent. 
First  maxilla  (Fig.  202)  a  small  lobe  with 
three  distally  hyaline  elements,  two  of  them 
bipartite  as  shown  in  figure.  Second  max- 
illa ( Fig.  203 )  2-segmented,  first  segment 
large  and  unarmed,  second  small,  bearing 
two  hyaline  obtuse  elements  and  a  spinous 
process  and  prolonged  terminally  as  a 
rather  obtuse  process  with  hyaline  border 
(  cf.  Figures  203  and  204).  Maxilliped  (  Fig. 
205 )  apparently  3-segmented;  first  segment 
unarmed;  second  segment  indistinctly  sep- 
arated from  third  and  bearing  two  short 
elements,  one  straight,  the  other  recurved; 
third  segment  small,  armed  \\'ith  one  hya- 
line obtuse  element  and  having  a  terminal 
prolongation  with  hyaline  lamellae.  La- 
bium and  mouthparts  situated  close  to- 
gether ( Fig.  206 )  with  a  small  median  ven- 


tral lobe  ( see  Figure  201 )  between  the  sec- 
ond maxillae  and  maxillipeds. 

Leg  1  (Fig.  207)  and  leg  2  with  2-seg- 
mented exopods  and  endopods.  Leg  3 
( Fig.  209 )  and  leg  4  with  2-segmented  exo- 
pods, but  without  endopods.  Spine  and 
setal  formula  as  follows: 

P,  and  P.  protopod   0-0;  1-0  e\p  I-O;  (I),  I 

end  0-0;   1 

P;  and  P,   protopod   0-0;  1-0  exp  I-O;  1,  I 

end  — 

Low  median  ventral  protuberances  in 
front  and  behind  first  three  pairs  of  legs 
(seen  in  lateral  view  in  Figure  196). 

In  leg  1,  first  segment  of  exopod  with  a 
small  outer  spine,  second  segment  with  a 
minute  outer  spine  ( or  spinous  process  ? ) 
and  a  terminal  clawlike  spine  which  is 
swollen  on  its  concave  edge  ( Fig.  208 ) . 
Endopod  with  first  segment  unarmed,  sec- 
ond segment  with  a  single  partly  hyaline 
and  obtusely  tipped  terminal  seta  and  a 
small  hyaline  lobe.    Leg  2  similar  to  leg  1. 

In  leg  3  both  segments  of  exopod  with  a 
small  outer  spine  and  second  segment  with 
terminal  clawlike  spine  having  hyaline  la- 
mellae (cf.  Figures  209  and  210).  Endo- 
pod absent.    Leg  4  similar  to  leg  3. 

Leg  5  (Fig.  211)  consisting  of  a  low 
slighth'  sclerotized  ridge  with  three  obtuse 
and  mostly  hyaline  setae  9,  13,  and  8  fx  in 
length.   Position  of  this  leg  as  in  Figure  196. 

Leg  6  absent. 

Color  in  life  in  transmitted  light  bright 
red,  with  eye  darker  red. 

Male. — Body  (Figs.  212  and  213)  resem- 
bling that  of  female,  about  7.6  times  longer 
than  wide.  Length  2.12  mm  (1.99-2.24 
mm )  and  greatest  width  0.28  mm  ( 0.23- 
0.34  mm),  based  on  8  specimens.  Genital 
and  postgenital  segments  together  about 
one-third  of  total  body  length.  Genital 
segment  ( Fig.  214 )  wider  than  long,  138  X 
256  iJi.  Four  postgenital  segments  185  X 
216,  143  X  190,  65  x  143,  and  104  x  122  /x 
from  anterior  to  posterior.  Caudal  ramus 
as  in  female,  but  slightly  longer,  91  x  23  /x, 
with  the  large  terminal  seta  23  /x  long. 

Rostral  area  as  in  female.    First  antenna 
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( Fig.  215 )  segmented  and  armed  as  in  fe- 
male, except  for  three  aesthetes  being 
added  on  segment  3  and  one  aesthete  on 
segment  4,  making  tlie  formula  0.  3,  6  +  3 
aesthetes,  4  +  1  aesthete,  3,  and  6.  Second 
antenna  as  in  female. 

Labrum  (Fig.  216)  with  two  lobes 
smaller  than  in  female  and  having  lateral 
depressions  with  well  sclerotized  crenated 
edges.  Mandible  and  paragnath  absent. 
First  maxilla  (Fig.  217)  a  small  lobe  with 
only  two  elements.  Second  maxilla  as  in 
female.  Maxilliped  (Figs.  218  and  219) 
probably  4-segmented,  but  segmentation 
obscure.  First  segment  unarmed,  second 
large  with  two  inner  hyaline  setae,  third 
small  and  unarmed.  Fourth  segment  form- 
ing a  short  terminal  blunt  claw  19  n  in 
length  bearing  two  unequal  elements.  Re- 
lationships of  mouthparts  as  in  female. 

Legs  1-4  as  in  female. 

Leg  5  similar  to  that  of  female. 

Leg  6  ( Fig.  214 )  consisting  of  a  postero- 
ventral  flap  on  genital  segment  bearing  two 
minute  setae  8  and  6  /x  long. 

Spermatophore  seen  onl\  inside  body  of 
male,  as  in  Figure  213. 

Color  in  life  as  in  female. 

Etijmoloiiij. — The  specific  name  faviac  is 
derived  from  the  generic  name  of  the  host. 

Orstomella    lobophylliae    n.    sp. 
Figs.   220-239 

Ty})e  material. — 10  females  and  16  males 
from  LoJ)o})Jiyllia  costata  ( Dana )  in  a 
depth  of  6-8  m,  Ambariobe,  a  small  island 
nearly  between  Nosy  Koml)a  and  Nos\ 
Be,  Madagascar.  C^ollected  December  28, 
1963.  llolotype  female,  allotype,  and  20 
paratypes  (7  females  and  13  males)  de- 
posited in  the  United  States  National  Mu- 
seum; the  remaining  paratypes  (  dissected  ) 
in  the  collection  of  A.  C   Humes. 

Other  .s])eeiinen. —  1  female  from  Loho- 
pliyllia  eorynihosa  (  Forskal  )  in  1  m,  Am- 
bariobe, January   13,   1964. 

Female.— Body  (Figs.  220  and  221)  in 
general  appearance  similar  to  preceding 
species,  but  much  smaller,  about  .".5  times 


longer  than  wide.  Length  1.20  mm  ( 1.23- 
1.39  mm)  and  greatest  width  0.22  mm 
(0.17-0.24  mm),  based  on  9  specimens. 
Region  dorsal  to  fifth  legs  without  proc- 
esses. Genital  and  postgenital  segments  to- 
gether about  four-tenths  of  total  bodv 
length.  Genital  segment  ( Fig.  222 )  bipar- 
tite, the  anterior  half  70  x  140  /x,  relatively 
not  as  narrow  as  in  preceding  species,  with 
areas  of  attachment  of  egg  sacs  lateral  in 
position;  the  posterior  half  101  x  127  /x. 
Three  postgenital  segments  90  X  102,  40  X 
80,  and  44  x  78  ^u  from  anterior  to  posterior. 
Last  segment  with  a  prominent  anal  oper- 
culum.    Caudal    ramus    (Fig.    223)    short, 

26  x  15  /x,  nearly  two  times  longer  than 
wide,  bearing  terminalK  two  setae  18  and 
11  ^  and  a  minute  spinule  3  /x  long,  and 
having  on  its  proximal  outer  margin  a  hya- 
line setule    10  ji.  long.    Fgg  sac   unknown. 

Rostral  area  ( Fig.  224 )  not  well  devel- 
oped. First  antenna  (  Fig.  224 )  short,  about 
84  /x  in  length,  and  6-segmented,  bearing 
numerous  short  hyaline  setae.  Lengths  of 
segments  (measured  along  their  posterior 
non-setiferous  margins)  20,  24,  11,  10,  9, 
and  9  ,u,  respectively.  First  segment  hav- 
ing an  anterior  process  with  recurxed  tip. 
Two  setae  on  segment  2  and  one  on  seg- 
ment 3  modified,  without  evident  articula- 
tion and  with  terminal  flagella.  Formula 
for  armature:  0,  3,  6,  4,  3,  6.  A  few  minute 
setules  on  surface  of  segments.  Second  an- 
tenna  (Fig.  225)   3-segmented,  short,  only 

27  /x  long  without  the  setae;  first  two  seg- 
ments unarmed,  third  segment  ( showing 
slight  indication  of  division )  with  termi- 
nalK' a  jointed  seta   15  /;  and  a  short  spine 

Labruin  (Fig.  226)  resembling  that  of 
previous  species,  but  two  lobes  smaller. 
Mandible  and  paragnath  absent.  First  max- 
illa (  Fig.  227  )  similar  to  preceding  species, 
with  three  terminal  elements,  but  the  two 
bipartite  elements  attenuated.  Second  max- 
illa (Fig.  228)  similar  to  preceding  species, 
but  tcnninal  prolongation  of  second  seg- 
ment setiform.  Maxilliped  (Fig.  229)  re- 
sembling  that    of   O.   fdviae.     Labruin    and 
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mouthparts  held  close  together  as  in  that 
species. 

Leg  1  (Fig.  230)  and  leg  2  with  2-seg- 
mented  exopods  and  endopods.  Leg  3 
( Fig.  231 )  and  leg  4  with  2-segmented  exo- 
pods, but  without  endopods.  Spine  and 
setal  formula  as  follows: 

P,  and  P..  protopod   U-0;  1-0  exp    I-O:  (I),  1;  1,  1 

end    0-0:  1 

P,  and  P,   protopod   0-0;  1-0  exp    I-O;  I,  I 

eiitl   — 

Low  median  ventral  protuberances  in 
front  and  behind  first  three  pairs  of  legs 
(Fig.  221)  as  in  O.  foviac. 

In  leg  1  first  segment  of  exopod  with  a 
small  outer  spine,  second  segment  with  a 
minute  outer  spine  (or  spinous  process  ?), 
a  minute  spinule,  a  terminal  clawlike  spine, 
and  an  inner  setule.  Endopod  with  first 
segment  unarmed,  second  segment  bearing 
a  terminal  seta,  with  nearby  on  anterior 
surface  a  minute  setule  and  a  small  patch 
of  denticles.    Leg  2  similar  to  leg  1. 

In  leg  3  both  segments  of  exopod  \\  ith  a 
small  outer  spine,  and  second  segment 
with  clawlike  terminal  spine  having  hya- 
line lamellae.  Endopod  absent.  Leg  4  like 
leg  3,  but  second  segment  with  minute 
outer  spine  smaller  (  Fig.  232 ) . 

Leg  5  (Fig.  233)  consisting  of  a  low 
ridge  with  three  setae  10,  12,  and  9  fi  long, 
more  attenuated  than  in  O.  faviac. 

Leg  6  absent. 

Color  in  life  in  transmitted  light  bright 
red,   with   eye   darker  red. 

Male— Body  (Figs.  2.34  and  2.35)  similar 
to  that  of  the  female,  about  7  times  longer 
than  wide.  Length  1..30  mm  ( 1.20-1.4.5 
mm)  and  greatest  width  0.19  mm  (0.16- 
0.23  mm),  based  on  10  specimens.  Genital 
and  postgenital  segments  together  ( Fig. 
2.36)  about  one-third  of  total  body  length. 
Caudal  ramus  as  in  female  but  slightK 
larger,   29  X  16.5  /x. 

Rostral  area  as  in  female.  First  antenna 
similar  to  that  of  female,  but  with  four 
aesthetes  added  as  in  male  of  preceding 
species.    Second  antenna  as  in  female. 

Labrum  (Fig.  237)  with  both  lobes  hav- 


ing a  lateral  depression  with  crenated  edges. 
Mandible  and  paragnath  absent.  First  max- 
illa ( Fig.  2.38 )  with  only  two  elements. 
Second  maxilla  as  in  female.  Maxillipcd 
(Fig.  2.39)  resembling  that  of  O.  fciviae, 
the  terminal  claw  17  /x  long.  Relationships 
of  mouthparts  as  in  female. 

Legs   1-4  as  in   female. 

Leg  5  similar  to  that  of  female. 

Leg  6  (Fig.  2.36)  a  posteroventral  flap 
on  genital  segment  bearing  two  minute 
setae  about  3  //,  in  length. 

Spermatophore  seen  only  inside  body  of 
male,  as  in  Figure  2-35. 

Color  in  life  as  in  female. 

EtymoIofi,y. — The  specific  name  loho- 
plujUkic  is  derived  from  the  generic  name 
of  the  host. 

Coniparison  icifh  the  type  species. — Ors- 
tomeUa  lobophyUiue  differs  in  significant 
respects  from  O.  faviae.  It  is  much  smaller 
(female  1.20.  male  1.30  mm)  than  that  spe- 
cies (female  2.19,  male  2.12  mm).  The 
caudal  ramus  of  the  female  is  shorter  ( 26  X 
15  /x,  or  about  2:1 )  than  in  O.  faviae  (SO  X 
26  //,,  or  about  3:1).  There  are  three  modi- 
fied flagellated  setae  on  the  first  antenna, 
while  in  O.  faviae  all  the  setae  are  similar. 
The  first  segment  of  the  second  antenna  is 
unarmed,  while  in  O.  faviae  this  segment 
bears  a  jointed  seta.  In  leg  5  the  three 
setae  are  obtuse,  but  in  O.  faviae  they  are 
attenuated.  Other  minor  differences  exist 
in  the  armature  of  the  mouthparts  and  in 
legs  1-4. 

RelationsJiip  of  Orstomella  wifJi  the 
hosts. — Both  ().  faviae  and  O.  lohophylliae 
evidently  live  in  the  polyps  of  the  corals. 
Specimens  were  recovered  in  the  sediment 
obtained  after  allowing  the  corals  to  remain 
overnight  in  alcoholized  sea  water  (con- 
taining about  5  percent  ethyl  alcohol). 
They  were  never  found  after  rinsing  the 
freshly  collected  corals  for  only  a  few  min- 
utes. The  copepods  apparently  are  stimu- 
lated by  the  weak  alcohol  to  emerge  from 
the  polyps,  when  they  fall  to  the  bottom  of 
the  container.  Since  the  copepods  are  un- 
able  to   swim,   they   are   unable   to   regain 
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their  positions  in  the  coral  after  the  effects 
of  the  alcohol   diminish. 

The  taxonomic  position  of  Ohstomella. — 
In  its  elongated  body  form  and  its  close 
association  with  corals,  the  genus  Orstom- 
cUa  is  suggestive  of  the  genus  Xaiifia 
Humes,  1960. 

There  are,  however,  several  important 
features  which  distinguish  the  two  genera. 
In  Or.stomeUa  the  processes  dorsal  to  the 
fifth  legs  in  the  female,  characteristic  of 
most  Xarifia,  are  absent;  the  first  antenna 
is  clearly  6-segmented,  instead  of  3-seg- 
mented  (with  in  some  species  a  partial 
division  of  segments  2  and  3)  as  in  Xarifia\ 
the  second  antenna  is  3-segmented  ( \\'ith 
slight  indication  of  partial  division  of  seg- 
ment 3).  instead  of  4-segmented  (3-seg- 
mented in  A.  ohcsci  and  a  few  others); 
the  labrum  shows  marked  sexual  dimorph- 
ism, instead  of  weak  dimorphism  or  none 
in  Xarifid;  the  mandible  and  paragnath  are 
absent,  while  in  Xaiifia  there  is  a  mandible 
in  all  species  and  a  paragnath  in  some;  the 
exopods  of  legs  1-4  are  2-segmented,  in- 
stead of  3-segmented  in  Xarifiu;  and  the 
endopods  of  legs  3  and  4  are  absent,  but 
present  in  Xaiifia. 

These  differences  might  be  regarded  as 
sufficiently  fundamental  to  justify  placing 
OistomcUa  in  a  separate  family.  When, 
however,  the  range  of  \ariation  within  the 
genus  Xaiifia  is  considered,  and  the  tenden- 
cies toward  simplification  and  reduction 
exhibited  by  Or.stomcUa  are  kept  in  mind, 
it  seems  unlikely  to  us  that  OistomcUa 
truly  represents  a  familial  divergence.  In 
certain  species  of  Xaiifia,  for  example,  there 
are  no  processes  dorsal  to  the  fifth  legs  in 
the  female,  the  second  antenna  is  3-seg- 
mented, the  labrum  shows  weak  sexual  di- 
morphism, the  mandible  is  reduced  to  a 
very  minute  blade,  the  paragnath  ma\  be 
absent,  and  the  exopods  of  legs  1 — I,  though 
3-segmented,  may  show  a  marked  reduction 


of  the  second  segment.  The  differences  in 
the  segmentation  of  the  first  antenna  ( 6- 
segmented  in  Orstomelki,  3-segmented  with 
sometimes  partial  division  of  segments  2 
and  3  in  Xaiifia )  and  the  nature  of  the 
endopods  of  legs  3  and  4  (absent  in  Gi- 
st oiucIUl  1-  or  2-segmented  in  Xaiifia ) 
seem  to  be  intrafamilial  features.  Differ- 
ences of  a  similar  degree  exist  within  other 
poecilostome  families,  for  example,  the 
Lichomolgidae.  The  absence  of  a  mandible 
in  Or.stomcUa,  while  of  fundamental  impor- 
tance, may  simply  represent  an  extreme  in 
intrafamilial  reduction,  a  strong  tendency 
toward  reduction  of  this  appendage  being 
already  seen  in  certain  Xarifia. 

For  these  reasons  we  place  Or.stomcUa 
provisionally  in  the  Xarifiidae,  along  with 
the  genus  Xarifia.  The  study  of  further 
collections  of  related  copepods  from  corals 
would  undoubtedly  clarify  the  relationships 
of  these  two  genera. 
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Figures  1-8.  Xarifio  lamellispinosa  n.  sp.,  female.  1,  body,  dorsal  (A);  2,  body,  lateral  (A);  3,  posterior  part  of  body 
and  egg  sac,  lateral  (B);  4,  caudal  ramus,  dorsal  (C);  5,  rostrum,  ventral  (C);  6,  first  antenna,  onterodorsal  (D);  7,  sec- 
ond    antenna,     ventral     (D);    8,     labrum,     ventral     (C). 
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Figures  9-17.  Xarifia  /ome//ispinoso  n.  sp.,  female  (continued).  9,  mandible,  dorsal  (E);  10,  first  maxilla,  dorsal  (C); 
11,  second  maxilla,  anterior  (D);  12,  maxilliped,  inner  (D);  13,  anterior  part  of  body,  lateral  (F);  14,  leg  1  and  intercoxal 
plate,    posterior    (C);    15,    exopod   of    leg   2,    posterior    (D);    16,    leg  3  and  intercoxal   plate,  posterior  (C);    17,   leg  5,   lateral   (G]. 
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Figures    18-22.      Xorifio    lomellispmoia    n.    sp.,    male.     18,    body,    dorsal    (A);    19,    body,    lateral    (A);    20,    urosome,   ventral    (B); 
21,   moxilliped,    medial    (C);    22,    leg   5,    ventral    (E). 

Figures    23-26.      Xorifia    ex/guo    n.    sp.,    female.      23,    body,    dorsal    (B);    24,    body,    lateral    (B|;    25,    urosome,    dorsal    (F);    26, 
caudal  ramus,  dorsal   ID). 
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Figures  27-37.  Xarilia  exiguo  n.  sp.,  female  (continued).  27,  rostrum  and  first  antenna,  ontetoventral  (D);  28,  second 
antenna,  ventral  (D);  29,  labrum,  anteroventral  (C);  30,  mandible,  onteroventral  (E);  31,  first  maxilla,  anteroventral  (E); 
32,  second  maxilla,  anteroventral  (E);  33,  maxilliped,  inner  (E);  34,  anterior  part  of  body,  lateral  |G);  35,  leg  1  and 
intercoxal    plate,    anterior    (E);     36,    endopod    of    leg    3,     anterior    (E);    37,    leg    5,    lateral    (C). 
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Figures    38-43.      Xarilia    exigua    n.    sp.,    male.     38,    body,    dorsal    (B);    39,    body,    lateral     (B);    40,    caudal    ramus,    dorsal     (E); 
41,    maxilliped.    Inner    (E);    42,    leg    5,    lateral    (E);    43,    urosome,    ventral     (H). 

Figures   44-47.      Xarilia   decorata   n.    sp.,    female.     44,    body,    dorsal    (A);    45,    body,    lateral    (A);    46,    urosome,    lateral    (B);    47, 
caudal  ramus,  dorsal   (G). 
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Figures  48-57.  Xaniia  decora/a  n.  sp.,  female  Icontinued).  48,  rostral  area,  anteroventrol  |D);  49,  anterior  end  of 
body,  dorsal  (F);  50,  first  antenna,  ventral  (D);  51  ,  second  antenna,  ventral  (D);  52,  labrum,  ventral  (D);  53,  mandible, 
ventral  (E);  54,  first  maxilla,  ventral  (E);  55,  second  maxilla,  ventral  (D);  56,  maxilliped,  inner  (D);  57,  anterior  part 
of  body,  lateral  (F). 
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Figures  58-61.  Xori7/o  decorafo  n.  sp.,  female  (continued).  58,  leg  I  and  intercoxal  plate,  posterior  (D);  59,  exopod 
of    leg    2,    posterior    (D);    60,    endopod    of    leg    3,    posterior    (D);    61,    leg   5,    lateral    jF). 

Figures  62-69.  Xanfia  decorota  n.  sp.,  male.  62,  body,  dorsal  |A);  63,  body,  lateral  (A);  64,  caudal  ramus,  ventral  (C); 
65,  labrum,  ventral  (D);  66,  maxilliped,  inner  (G);  67,  leg  5,  lateral  (D);  68,  urosome,  lateral  (B);  69,  spermato- 
phore,    attached    to    female,    lateral    (B). 
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Figures  70-80,  Xantio  Insa  n  sp.,  female.  70,  body,  dorsal  (A);  71,  body,  lateral  jA);  72,  urosome,  lateral  (I);  73, 
caudal  ramus,  ventral  (C);  74,  first  antenna,  dorsal  (D);  75,  second  antenna,  ventral  (D);  76,  labrum,  ventral  (D);  77, 
mandible,    ventral    (E);    78,    first    maxilla,    ventral    (E);    79,    second    maxilla,    ventral    (E);    80,     maxilliped,     inner    (D). 
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Figures    81-84.      Xanfio    lissa    n.     sp.,     female     (continued).      81,    anterior    part    of    body,    lateral     (F);    82,    leg    1     and    inter- 
coxal    plate,     posterior     (D);    83,    endopod    of    leg    3,     posterior    (D);    84,     leg    5,     lateral     (G|. 

Figures    85-90.      Xarifia    /issa    n.    sp.,    mole.      85,    body,    dorsal    (A);    86,    body,    lateral    (A);    87,    first    antenna,    anteroventral 
(D);    88,    maxilliped,    inner    (G);    89,    exopod    of    log    1,    posterior    (D);   90,    urosome,   ventral    (B). 
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Figures  91-103.  Xanlia  obesa  n.  sp.,  female.  91,  body,  dorsal  (A);  92,  body,  lateral  (A);  93,  urosome,  dorsal  (I);  94, 
egg  sac,  dorsal  (I);  95,  caudal  ramus,  dorsal  (G);  96,  rostrum,  anteroventral  (C);  97,  first  antenna,  anterior  (D);  98,  second 
antenna,  anteroventral  (D);  99,  labrum,  ventral  (C);  100,  mandible,  ventral  (E);  101,  first  maxilla,  ventral  (E);  102,  second 
maxilla,     ventral     (El;     103,     maxilliped,     outer     (D). 
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Figures     104-107.      Xarilia    obeso     n,     sp.,     female     (continued).     104,   anterior  part  of  body,   lateral    (F);   105,    leg   1    and    inter- 
coxal    plate,    posterior    (D);    106,    endopod    of    leg    3,    anterior    (D);    107,    leg    5,    ventral    (D). 

Figures    108-113.      Xanfio    obesa    n.    sp.,    male.      108,    body,    dorsal    (A);    109,    body,    lateral    (A);    110,    maxilliped,    inner    (C); 
111,    leg   5,    ventral    |E);    112,    leg    6,    ventral    (E);    113,    urosome,    ventral    (B). 
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Figures  114-123.  Xanho  brevicauda  n.  sp.,  female.  114,  body,  dorsal  (A);  115,  body,  lateral  (A);  116,  urosome,  dorsal 
(B);  117,  caudal  ramus,  dorsal  (G);  118,  rostral  area,  anteroventral  (C);  119,  first  antenna,  onteroventral  (C);  120, 
second  antenna,  ventral  (C);  121,  labrum  and  mouthparts,  anteroventral  (C);  122,  maxilliped,  inner  (D);  123,  anterior 
part    of    body,     lateral     (F). 
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Figures    124-126.      Xanfia    brevicauda    n.     sp.,    female     (continued).     124,    leg    1    and    intercoxol    plate,    anterior    (C);    125,    leg 
3,    anterolateral    (C);    126,    leg    5,    lateral    (F). 

Figures    127-132.      Xarifia    brevicauaa    n.    sp.,    male.     127,    bod/,     dorsal     (A);     128,     body,     lateral     (A);     129,     caudal     ramus, 
dorsal     (C);     130,     maxilliped,    ventrointernal     (G);     131,    leg    5,    lateral    (E);    132,    urosome,    ventral    (B). 
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Figures  133-U2.  Xar,ha  lemnura  n.  sp.,  female.  133,  body,  dorsal  (A);  134,  body,  lateral  (A);  135,  urosome,  lateral 
|H);  136,  urosome,  ventral  (G);  137,  first  antenna,  ventrointernol  (E);  138,  second  antenna,  ventromternal  (E);  139,  an- 
terior part  of  body,  ventral  (C);  140,  mandible,  ventral  (E);  141,  first  maxilla,  ventral  (E);  142,  second  maxilla,  postero- 
internal  (E). 
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Figures  143-148.  Xarifia  temnura  n.  sp.,  female  (continued).  143,  maxilliped,  inner  (E);  144,  leg  1  and  intercoxal  plafe, 
posterior  (E);  145,  endopod  of  leg  1,  anterior  |E);  146,  leg  2,  anterior  (E|;  147,  endopod  of  leg  3,  anterior  (E);  148, 
leg  5,  lateral  (D). 

Figures  149-153.  Xarilia  temnura  n.  sp.,  mole.  149,  body,  dorsal  (A);  150,  body,  lateral  (A);  151,  posterior  part  of 
body,    ventral    (C);    152,     labrum,    ventral    (C);     153,    maxilliped,    inner    (C). 
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Figures  154-162.  Xanlia  anomala  n.  sp.,  female.  154,  body,  dorsal  (I);  155,  body,  lateral  (I);  156,  urosome,  lateral  (H); 
157,  caudal  ramus,  dorsal  (D);  158,  second  antenna,  ventral  (E);  159,  first  maxilla,  posterior  (E);  160,  maxilliped,  inner 
(E);    161,    anterior    part    of    body,    lateral    (G);    162,    leg    1     and    intercoxol    plate,    posterior    (E). 
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Figures  163-164.  Xantia  anomala  n.  sp.,  female  (continued).  163,  leg  2  and  intercoxal  plate,  posterior  (E);  164,  leg  5, 
lateral   (C). 

Figures  165-173.  Xarifia  anomala  n.  sp.,  male.  165,  body,  dorsal  (I);  166,  body,  lateral  (I);  167,  caudal  ramus,  dorsal 
(C);  168,  rostrum  and  first  antenna,  ventral  (E);  169,  labrum,  ventral  (E);  170,  mandible,  ventral  (E);  171,  second  max- 
illa, anteroexternal  (E);  172,  maxilliped,  medial  (D);  173,  port'on  of  urosome  showing  leg  5,  leg  6,  and  position  of 
spermafophore,     lateral     jHj. 
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Figures    174-185.      Xanfia    hamala    n.    sp.,    female.      174,    body,    dorsal    (A);  175,    body,     lateral     (A);    176,    urosome,    lateral 

(B);    177,    caudal     ramus,    dorsal     (C);     178,     first    antenna,     anlerodorsal     (D);  179,     second     antenna,     ventral     (D);     180,     la- 

brum,    ventral    (D);    181,    mandible,    ventral    (E);    182,    first    maxilla,     posterior  (E);     183,    second     maxilla,     posterior     (E);     184, 

maxilliped,    posterointernal    (D);    185,    anterior    part    of    body,    lateral    |F). 
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Figures     186-189.      Xarifia     hamata     n.     sp.,     female     (continued).       186,     leg     1     and     intercoxal     plate,     posterior     (D);     187, 
endopod  of   leg   2,    posterior    (D);    188,    leg   3   and    intercoxal    plate,    posterior    (D);    189,    leg    5,    lateral    (C). 
Figures     190-194.      Xarilia    hamata    n.     sp.,     male.       190,     body,    dorsal    (A);    191,    body,    latera'    (A);    192,    posterior    part    of 
body,    lateral    (B);     193,    paragnath,    ventral     (E);     194,    maxilliped,    inner     (C). 
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Figures  195-205.  Ors(omel/a  laviae  n.  gen.,  n.  sp.,  female.  195,  body,  dorsal  (J);  196,  body,  lateral  (J);  197,  uro- 
some,  dorsal  (I);  198,  caudal  ramus,  dorsal  (G|:  199,  rostral  area  and  first  antenna,  anterior  (C);  200,  second  antenna, 
outer  (E);  201,  labrum  and  median  prominence  befiind  second  maxillae,  anteroventral  (D);  202,  first  maxilla,  antero- 
ventrol  (E);  203,  second  maxillo,  anteroventral  (E);  204,  terminal  portion  of  second  maxilla,  posterior  (E);  205,  maxil- 
liped,    anteroventral     (D). 
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Figures  206-211.  Orstomeila  laviae  n.  gen.,  n.  sp.,  female  (continued).  206,  anterior  part  of  body,  lateral  (H);  207, 
leg  1  and  intercoxal  plate,  posterior  (C);  208,  terminal  spine  on  exopod  of  leg  1,  outer  (E);  209,  leg  3  and  intercoxal 
plate,     posterior    (C);    210,    terminal     portion    of    exopod    of    leg    3,    lateral     (E);    211,    leg    5,    ventral    (E). 

Figures  212-215.  Orsfome//a  fovioe  n.  gen.,  n.  sp.,  male.  212,  body,  dorsal  (J);  213,  body,  lateral  (J);  214,  urosome, 
ventral     (I);    215,    first    antenna,    posterior    (C). 
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Figures  216-219.  Ontomella  laviae  n.  gen.,  n.  sp.,  male  (:ontinued).  216,  labrum,  anteroventral  (D|;  217,  first  max- 
illa,    anteroventral     (E);     218,     maxilliped,     anteromternal     (C);    219,    maxilliped,    outer    (G). 

Figures  220-226.  Orstowella  lobophyliiae  n.  gen.,  n.  sp.,  female.  220,  body,  dorsal  (I);  221,  body,  lateral  (I);  222, 
urosome,  dorsal  (B);  223,  caudal  ramus,  dorsal  (C);  224,  rostral  area  and  first  antenna,  anteroventral  (C);  225,  second 
antenna,    anteroventral    (E);    226,    labrum,    anterior    (D). 
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Figures  227-233.  Orstomella  lobophylliae  n.  gen.,  n.  sp.,  female  (continued).  227,  first  maxilla,  ventrointernol  (E); 
228,  second  maxilla,  ventrointernol  (E);  229,  maxilliped,  outer  (D);  230,  leg  1  ond  intercoxal  plate,  posierlor  (C);  231, 
leg  3  and  interco.xol  plate,  posterior  (C);  232,  terminal  portion  of  exopod  of  leg  4,  lateral  (E);  233,  leg  5,  ventral  (E). 
Figures  234-239.  Or:fome//o  lobophylliae  n.  gen.,  n.  sp.,  male.  234,  body,  dorsal  (I);  235,  body,  lateral  (I);  236,  uro- 
some,    ventral     (B);     237,     labrum,    onteroventral     (D);     238,     first    maxilla,    outer    (E);    239,    maxilliped,    inner    (C). 
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A  RE-EXAMINATION  OF  THE  SNAKE  GENUS  LYCOPHIDION 
DUMERIL  AND  BIBRON 

R.   F.   LAURENT' 


INTRODUCTION 

The  last  attempt  at  a  comprehensive 
treatment  of  the  genus  Lijcophidion  was 
pro\  ided  by  H.  W.  Parker  in  the  form  of  a 
key  (1933).  Later,  Parker  (1936)  added 
a  previously  overlooked  species.  Since 
then,  little  progress  has  been  made.  A. 
Loveridge  ( 1936-1942 )  tried  to  improve 
the  situation  by  trinomials  that  were  in- 
tended to  express  the  geographical  varia- 
tion of  LycopJiidion  copense,  which  was 
regarded  as  a  common  and  almost  pan- 
ethiopian  species.  This  use  of  trinomials, 
however,  has  gone  too  far,  as  has  already 
been  proved  in  many  other  instances: 
some  apparent  allopatric  patterns  were  the 
result  of  insufficient  data,  and,  even  when 
allopatry  is  real,  the  sharpness  of  the  dif- 
ferences and  the  absence  of  any  hybrid  or 
clinal  zones  disclose  that  the  specific  level 
has  actually  been  reached.  The  sympatry 
of  Lijcophidion  ornatum  with  L.  capensc 
jacksoni  in  the  African  Great  Lakes  region 
shows  conclusively  that  L.  ornatum  is  not 
a  race  of  L.  capense,  but  a  good  species 
(Laurent,  1956).  I  here  provide  a  restudy 
of  the  genus. 

The  material  preserved  in  the  important 
African  collections  in  the  United  States  has 
been  examined  with  the  hope  of  a  better 
understanding  of  the  genus. 
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Tucuman,   Argentina. 
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CHARACTERS  UTILIZED 

1 )  Number  of  scale  rows  around  the 
body.  This  character  has  been  checked  at 
the  three  customary  levels:  the  neck,  where 
it  has  some  variability,  mid-body,  where 
it  is  quite  constant,  and  the  vent  level, 
where  it  shows  little  variation.  The  species 
examined  here  all  have  17  mid-body  scale 
rows;  the  posterior  counts  are  generally  15, 
except  for  irroratum,  ornatum  and  uzungw- 
ense. 

2)  Ventrals.  The  number  of  ventrals, 
the  individual  variation  of  which  has  been 
greatly  overestimated  by  previous  authors, 
is  the  best  clue  to  heterogeneity  in  any 
population  sample,  as  can  be  seen  in  the 
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Figure    1.      Tail     length    in    relation    to    snout-vent    length    in 
some    moles    of    Lycophidion    from    Sudan. 

tables    as   well    as    in    the    section    dealing 
with   the   non-dimensional    species. 

3j  Suhcaudais.  The  number  of  sub- 
caudals  is  nearly  as  useful  as  the  number  of 
ventrals,  but  it  must  be  remembered  that 
the  tail  is  sometimes  mutilated  and  that  the 
count  can  therefore  be  misleading  if  the 
injur\-   has   not  been   recognized. 

4 )  Apical  pits.  The  numlicr  of  apical 
pits  is  a  very  good  character  which,  how- 
ever, has  the  drawback  of  often  being 
diflicult  to  ascertain  or  even  not  determin- 
able on  i^oorly  preserved  individuals. 

5)  (U)nt(i(f  hctivecn  tltc  })(istiut.s(il  and 
the  first  labial.  I'his  is  a  good  character 
rightly  cmphasi/ed  by  II.  W.  ParkcM"  when 
he  described  />.  onwtnm.  It  is  also  present 
in  the  western  species  .^ieniicinctiDn  and 
irroraliini. 

(■) )  Rclalivc  l('ti<j,lli  of  the  tail.  There  are 
some  obvious  dilierences  in  this  respect  be- 
tween species  and  subspecies  (cf.  scatter 
diagrams,   I'igs.    1,  2,  3,  4). 

7)  Halio  of  the  cijc  diameter  to  the 
distance  of  the  eye  from  the  lip.  This  ratio, 
usually  used  in  keys,  is  a  poor  character 
because  ol  the  negatively  allometric  grow  th 
of  the  eye  and  much  intrinsic  variabilit). 
Some  species  ha\c  definitely  larger  eyes 
than  others,  but  this  character  can  hardh 
be  relied  upon  for  identilication  (cf.  I'^ig.  1 1 ). 
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Figure    2.      Toil     length     in    relation    to    snout-vent    length    in 
males    of    Lycophidion    from    southeastern    Tanzania. 

8)  Len0}}  versus  uidtli  of  the  frontal 
plate.  Although  this  ratio  is  part  of  routine 
descriptions,  it  is  not  useful  in  the  genus 
Lijcophidion. 

9)  I^enfitli  of  the  parietah  versus  Ien<i,t]i 
of  the  snout.  This  character,  used  b\'  Parker 
( 1933)  for  distinguishing  semieinetum  from 
other  forms,  is  indeed  excellent  and  is  not 
disturbed  by  allometry:  all  other  forms 
differ  from  semieinetum  in  this  feature. 

10)  Color  pattern  of  the  dorsal  scales. 
It  has  been  recognized  here  that  two  basic 
patterns  are  in  existence  and  that,  being 
correlated  with  other  differences,  they  are 
taxonomicallv  significant:  each  dorsal  scale 
is  generally  white  bordered,  but  some  pop- 
ulations also  ha\('  white  dots  on  each  scale. 

11)  Color  pattern  of  head.  Some  con- 
spicuous features  like  the  broad  light  band 
surrounding  the  snout  in  some  species  were 
alreadx'  well  known.  But  some  other  aspects 
ol  pattern  have  been  oxerlooked  in  some 
populations.  I'\)r  example,  the  snout  band 
ma\'  be  \  er\-  narrow,  and  sometimes  in- 
terrupted, w  hile  the  top  plates  ( frontal, 
parietals,  etc. )  ma\  Ikuc  no  markings 
whatexcr;  in  other  populations,  the  top 
of  the  head  has  light  dots  or  a  light  marbled 
pattern. 

12)  Color  of  the  hrlhj.    In  the  poj^jula- 
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relation     to    snout-vent    length    in    males    of    Lycophidion    from    coastal    East    Africa. 


tions  from  South  Africa,  the  belly  is  light; 
in  the  others  it  is  dark. 

13)  Color  of  the  throat.  This  is  light, 
with  or  without  dark  spots,  in  some  forms; 
dark,  with  or  without  light  markings,  in 
others. 

Such  other  characters  as  labials,  oculars, 
and  temporals  do  not  appear  to  have  any 
taxonomically  significant  variation  in  this 
group. 

RECOGNITION  OF  NON-DIMENSIONAL 
SPECIES 

The  Region  of  the  Great  Lakes 

The  sympatry  of  two  species — L.  capense 


jacksoni  Boulenger  and  L.  ornatiim  Parker — 
in  the  Great  Lakes  region  has  been 
abundantly  documented  by  Laurent  ( 1956, 
1960). 

Western   Africa 

It  has  long  been  recognized  that  three 
species  live  side  by  side  in  western  Africa: 
L.  laterale  Hallowell,  L.  irroratum  Leach, 
L.  semicinctum  Dumeril  and  Bibron.  L. 
capense  has  also  been  cited  by  many  au- 
thors as  occurring  there.  In  addition,  some 
specimens  from  this  region  in  the  Museum 
of  Comparative  Zoology  have  been  iden- 
tified   as    L.    ornatum.     In    reality,    setting 
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aside  /..  Idlcidlc,  which  is  easily  identified,      species   are   actually   absent    from    ircsfcrn 
onK    two  species  are  present  in  the  collec-      Africa. 


tioiis  that   1  liaxc  examined:    inonttuni  and 

semicincluin.     Since    so    inanv    specimens 

have    Ix'cii    inisidentified    as    capense    or       i        i      . 

'  Apual  pits 

onuilinii.  I  heliexc.  until  proof  of  the  op- 
posite, that  all  such  records  are  louiided  on 
similar    inisidentifications    and    that    these 

Sudan 

rii(    a\ailal)lc  Sudanese  material  can  hr  split  into  three  groups. 


The  ob\'ions  differenct\s  ]:)et\veen  the  t\\'0 
western  species  are  as  follows. 


inoratiini 

scuiicincfuii} 

Apital  pits 

2 

1 

\'riitra]s 

s  s 

165-182 

183-193 

9  9 

169-184 

196-211 

Suhtauclals 

S  $ 

37-44 

47-58 

9  9 

IK) 

difference 

A 

B 

Vcutrals                        $  $ 

182-195 

163-171 

9  9 

188-202 

167-178 

Siiin  aiidals                   $  $ 

34-42 

34-39 

9  9 

29-33 

26-28 

I.cii.utli    of     the    tail     in 

pcrcciilayc   of   tlic   total 

k'l.Kth                            i  S 

10.8-13.5 

13-1:5.9 

( jienei 

ally  less  tliaii 

{ 

It 

least    13%  ) 

(Fi«.    1) 

13% ) 

9  9 

8.3-9.9 

8.5-10.2 

( 

lO 

difference ) 

c 

206 
47 


14.9 
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Labials  in  contact  with 
the    postnasal 

Dorsal  scale  rows 


Color 
scales 


of     the     dorsal 


Color  patterns   of  head 


Size  of  the  eye 


1-2 


17-17-15 


brown  with  a  broad 
light  border  at  the  apex 
but  without  white  dots 


light    markings    limited 
to  the  rostral,  the  nasals, 
anterior  labials   and 
sometimes   a   nar- 
row line  around 
the     snout 


SI 


nail 


1-2  2 

( only  in  one  specimen ) 

17-17-15  17-17-17 

brown  with   or  without       like  B 
a    narrow    light    border 
and  generally  with  white 
dots   near   the    apex 

light  markings:  a  large 
white  zone  covering  not 
only  the  rostral  and 
the  anterior  labials  but 
also  invading  almost 
completely  the  loreal 
and  partly  the  inter- 
nasals,  prefrontals,  pre- 
oculars  and  the  borders 
of  postoculars   (  Fig.  9  ) 

larger  still  larger 


like  B,  but  a  still  larger 
white  snout  band 


The  forms  A  and  C  are  not  separable  from  the  two  species  which  are  also  sympatric 
in  the  Great  Lakes  region — namely,  L.  copcnse  jack.soni  and  L.  ornatum — but  the  form 
B  does  not  appear  to  have  been  described.  A  and  B  have  been  merged  under  the  name 
of  Lijcophidion  copcnse  capensc  by  Loveridge,  1957. 


Southeastern   Tanzania 

Again  three  distinct  species  are  sympatric  in  the  Liwale  region. 


Ventrals 
Subcaudals 


$  $ 
9  9 
S  S 
9  9 


Relative  length  of  the 
tail  in  percentage  of  the 
body  length  $  $ 

9  9 

Dorsal  scales 
Head 


Throat 
Eye 


D 

182-195 
192-203 

43-52 

33-41 

generallv    more    than 
1 6.57c 


brown  with  a  light 
border  but  no  light 
dots 


E 

155-165 
161-174 

34-36 
22-31 

generallv  less  than 
16%%  ' 

no  significant  difference 

a      light      border      atid       a  light  border,  no  light 
white  dots  dots 


F 
148 

31 

less  than  16%%  (Fig.  2) 


generally  light  dots  or  generally  no  light  dots  no  light  dots  but  a 
vermiculations  all  over  or  vermiculations  but  white  band  surround- 
the   head  some    plates    are    light       ing  the  snout 

bordered,  especially  be- 
tween the  eye  and  the 
nostril 

generally  light  with  dark       rather    dark    with    light       uniform  greyish 
markings  markings 


large 

(negative   allometry) 


smaller    (growth    seems       smaller 
isometric)  (Fig.  3) 


Loveridge  has  cited  D  as  L.  capensc  capensc  and  E  as  "intermediates  between  capense 
and  acutirostrer  F  is  a  specimen  of  L.  semiannule  in  the  Field  Museum  of  Natural  History. 
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Coastal  Kenya  and  Tanzania  plus  Usambara  and  Uluguru  Mountains 

Although  there  is  not  here  a  single  case  of  precise  sympatry  in  the  narrowest  sense  of  the 
term  {i.e.  no  locality  from  which  we  see  specimens  of  two  species),  the  distributions  of 
two  very  distinct  species  are  so  interdigitateil  that  there  is  little  doubt  that  the  fact 
reflects  some  ecological  segregation. 


Ventrals 

Sulxaudals 


$  s 

9  9 
$  $ 
5  ? 


Lcngtli  of  the  tail  in  percentage 
of  the  snout-vent  lengtli        S  £ 

9  9 


Ev( 


Dorsal    scales 
Head   plates 


G 

195-211 
205-219 

47-58 
40-44 

generally  >  16.5%   (except  one 

individual   out   of   six:     16.2%) 

>12% 


larger  (diameter  >  170%-  of  the 
distance  between  the  eye  and 
the  lip,  in  11  specimens  out  of 
16,  the  exception  being  among 
the   larger   individuals ) 

a  light  IiortU'r,  no  light  dots 
with  light  dots  or  vermiculations 


Throat 


light 


H 

155-165 
167-176 

31-37 

23-29 

<  16.5%c 

<  12%     (except    1     out    of    6: 

14%) 

smaller  ( diameter  <  170%  of 
the  distance  between  the  eye 
and  the  lip  in  9  specimens  out 
of  13,  the  exception  being 
among  the  smallest  individuals) 

a    light   border    and    light    dots 

generalh'  without  white  dots 
on  the  top  of  the  head  except 
in  specimens  from  Kenya;  rostral 
and  nasal  light  colored;  some- 
times a  white  band  around 
the  snout 

dark 


Again  Lo\eridge  has  cited  one  form  as  L.  capense  capense,  the  other  as  "intermediates 
between  cajxn.sc  and  (icutiro.stre." 

Somali    Region 

I  ha\c  already  (1956)  str(^ss(\l  the  improbabilitv' that  Parker's  material  (Parker,  1949) 
ol  Lycophidioti  cdpcnse  would  reall\-  involve  only  one  species,  since  the  range  of  variation 
for  ventrals  is  unusually  wide.  However,  there  is  no  gap  in  this  variation  large  enough 
to  proxc  uiie(iui\()call\'  the  coexistence  ol  two  s)'mpatric  species.  With  the  hope  of  find- 
ing other  distinguishing  characters,  I  asked  for  the  loan  of  material  from  Miss  A.  G.  C 
C'.randison  ol  (lie  British  Museum  who  sent  it  with  her  eustomar\-  kindness.  The  differ- 
c'lces  ari'  aduiitledly  not  so  clear  cut  as  those  which  are  ()b\  ions  in  otlu'r  regions  (Sudan 
or  East  Africa),  but  in  my  opinion  the\'  are  sufficient  to  stroiigly  suggest  the  existence  of 
two  svmpatric  sibling  species. 


\'enlrals 
Subcaudals 
Dorsal  scales 


$  s 

174-166 

157 

9  9 

181-180 

165,    170 

$  $ 

35-34 

33 

9  9 

30-32 

26.  27 

one  or 

se\fral   subapical  white 

no 

white 

Mihajiical 

spots,     a 

spots 

ligl 

t     liord 

cr     in     one 

specimen 
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Head 


lateral   white  markings   narrow, 
sometimes    with    vermiculations 

or  spots  on  the  crown 


rostral  and  nasal  light  colored 
with  some  light  dots  on  the 
crown;  white  lateral  markings 
narrow   in   one   specimen 


ALLOPATRIC   RELATIONSHIPS 

1)   South   African   Populations 

In  South  Africa  only  one  species  can  be  recognized.     It   is,   of   course,   LycopJtidiun 
capensc.    What  are  its  relationships  with  populations  from  neighboring  areas? 


multimaculatiim 

capensc 

Southwest 

Rl 

lodesia  and 

scmiannule 

from    S.    Africa 

Africa 

Angola 

M 

ozambique 

Ventrals 

s  $ 

180-188 

167-177 

173-177 

134-148 

9  9 

188-190 

177-187 

172-183 

144-146 

Subcaudals 

$  S 

36-40 

31-37 

31-42 

27-31 

9  9 

30-39(?) 

26-30 

24-35 

25-30 

Belly 

light 

generally  light 

generally  dark 

dark 

These  data  suggest  that  the  populations  adequate,  but  previous  data  ( Laurent  1956, 

from     South     Africa,     Southwest     Africa,  1960)    show    a    definite    step-cline    in    the 

Rhodesia   and   Angola   belong   to   a   single  ventral  and  subcaudal  counts  between  Fizi 

species,  Lycophidion  capensc,  and  that  L.  and  Lubondja,  southern  Kivu,  Congo. 
semionnule,  with  considerably  lower  ventral         The  southern  populations  belong  to  the 

counts  and  also  color  differences,  is  indeed  capensc  subspecies   miilfimaculatum.    The 

another    species.     The    populations    from  northern   populations   have   been   referred 

Southwest  Africa  differ  from  typical  tY//)eM.sc'  to    the    capensc    subspecies    jacksoni   Bou- 

in    lower    ventral    and    subcaudal    counts,  lenger,    which    appears    to    have    a    rather 

From  midtimaculatum  they  differ  only  in  large  range  extending  to  Lake  Rukwa,  to 

the  lighter  belly,  and  this  difference  is  so  Kilimanjaro,  to  Ethiopia  (syn.  abyssinicum 

likely    to    be    clinal    that    no    racial    dis-  Boulenger),  and  to  the  Sudan   (=form  A 

crimination  appears  necessary.    Within  the  jj,  Sudan  population  analysis).    Indeed,  I 

midfimacidatum  populations  from  Rhodesia,  .^,^^  ^^^^.^y^^^  ^^  f.^^^  .^^^^  ^^^^^^^  ^^^  taxonomic 


the  color  of  the  belly,  which  is  dark  in 
northern  populations,  seems  to  become 
lighter  in  southern  populations;  this  varia- 
tion is  likely  to  be  clinal;  the  difference  in 
ventral  and  subcaudal  counts  is  supposed 
not   to   be   clinal   and   the   validity   of  the 


discrimination  between  the  northern  and 
southern  Central  African  populations,  which 
are  remarkably  alike.  The  geographic 
variation  within  midtimaculatum  is  con- 
siderable   as    far    as    color    is    concerned, 


name  multimacuhtum  rests  on  this  assump-      since  not  only  is  there  a  cline  in  belly  color 


tion,  which  needs  confirmation. 

In  Southwest  Africa,  Mertens  ( 1955 ) 
reported  a  male  Lycophidion  with  197 
ventrals,  which  is  quite  outside  the  range 
of  variation  of  the  capensc  populations  from 
this  region.  It  must  belong  to  another 
species,  and  I  suggested  (Laurent,  1964) 
that  it  probably  is  L.  heUmichi,  a  species 
that  I  described  from  Mo9amedes,  Angola. 

2)   Central   African    Populations 

The   material   available   for  studv   is   in- 


from  south  to  north,  but  the  light  puncta- 
tions  or  vermiculations  of  the  head  plates, 
so  conspicuous  in  Rhodesian  samples,  dis- 
appear in  northern  populations  from  Lunda 
Province  in  Angola  and  Katanga.  In  this 
regard  these  northern  populations  are  simi- 
lar to  jacksoni,  in  which  light  markings  of 
the  head  are  reduced  to  a  narrow  line  on 
the  sides  of  the  snout  or  are  altogether  ab- 
sent. Here  are  the  squamation  differences 
between   jacksoni  and    midtimaculatum: 
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Vc'iitrals 
Subcaudals 


S  S 
5  $ 
S  S 
9  9 


jacksoni 
(Nortlieastf^rn     Congo,     Sudan, 
Uganda,  Rwanda,   Burundi, 
Tanzania ) 

176-192 

180-202 

34^5 

28-38 


inuJtimdctilatum 
{  Southern   Congo,  Zambia, 
Angola ) 

167-180 

165-183 

31-42 

24-35 


3)   East  African   Populations 

Three  non-dimensional  species  (species 
D,  E,  and  F  above)  are  distinct  in  south- 
eastern Tanzania;  two  (species  G  and  II 
above)  are  distinct  in  the  coastal  region 
adjacent  to  the  East  African  islands.  What 
are  the  interrelationships  of  these  five 
populations':" 

The  third  form  (F)  from  southeastern 
Tanzania  is  olniously  L.  scniianmih'.  pre- 
viousl\  recorded  only  from  Mozambique 
and  Zululand.  The  forms  E  and  II  are  the 
same  and  ha\e  been  cited  as  intermediates 
between  L.  capcme  and  aciitiro.strc  ( Love- 
ridge  1933,  1936b,  1942).  The  Sudanese 
populations  (R)  are  hardly  different  except 
in  their  size.  11iey  can  safely  be  con- 
sidered as  conspecific,  and  the  different 
size,  owing  to  a  large  distributional  gap  in 
western  Kcnxa,  northwestern  Tanzania  and 
Uganda,  cannot  be  treated  as  a  clear-cut 
justification  for  cncii  subspecific  recogni- 
tion. 

The  relationships  of  I],  V  and  B  with 
allopatric  h)nns  lia\('  now  to  be  investi- 
gated. They  have  much  in  connnon  with 
sciniannulc,  as  indeed  Loveridge  (1933) 
noticed  when  he  considered  the  samples 
as  "iiiterinediates"  between  capcn.sc  and 
aciiliio.slrc;  the  latter  is  a  synonym  of 
semiauiuilc.  However,  they  ar(>  syinpatric 
with  sciitianiiiilc  in  southeastern  Tanzania 
so  that,  i(  they  perhaps  were  geographic 
races  in  the-  past,  the  boundary  being  the 
Hovuma  River,  they  are  not  so  now.  An- 
other possible  subspeeilic  relationship  is 
with  western  /..  irwratum,  but  the  distribu- 
tional and  morphological  gaps  are  such 
that  any  taxonomic  decision  in  this  direction 
would  be  gratuitous. 

The  forms  D  and  C  are  similar  in  their 
coloration:     head    plates    vermiculated,    no 


light  dots  on  the  dorsal  scales,  dark  belly 
but  light  throat.  They  are  also  similar  in 
the  relative  dimension  of  the  eye  and  the 
relative  length  of  the  tail.  The\  differ  in 
their  ventral  and  subcaudal  counts,  and 
the  available  data  suggest  a  rather  abrupt 
difference  near  the  Uluguru  Mountains 
rather  than  a  cline.  It  therefore  seems 
logical  to  treat  D  and  C;  as  subspecies  of 
one  species. 

Then,  the  question  arises:  Which  species? 
Have    these    two    races    other    subspecific 
relationships    with   other   allopatric   forms? 
We  reject  L.  ornatum,  the  main  characters 
of  which  ( snout  with  light  band,  postnasal 
not  in  contact  with  the  first  labial,  17  scale 
rows  in  front  of  the  anus)   are  not  shared 
by  D  and  G.  L.  capense  jacksoni  occurs  not 
very  far  from  the  northern  form  G  in  the 
Kilimanjaro  region  and  also  on  the  shores 
of  Lake  Rukwa.    (G  is  also  present  at  the 
northern  tip  of  Lake  Nyasa.)     In  spite  of 
this   proximit),  the  differences  between  C; 
and    jacksoni   are    very   clear   cut:     (;    has 
nnicli  higher  ventral  and  subeaudal  counts, 
and    a     head     with     light     \ermiculations. 
Therefore,   although   we   havt>   no   data   on 
the   populations    from    central    Tanzania    it 
seems    rather    doubtful    that    an>-    genetic 
continuity  exists  between  these  two  groups 
of     populations.      However,     if    the    head 
xcrmiculations  are  missing  in  jacksojii,  the\- 
exist  in  southern   populations  of   multiniac- 
iildtuni    and    in    cdjx'u.sc    itself;    moreover, 
tile    coloration     of    tlu-     indi\idual     dorsal 
scales,   g(>nerall\    without   light   punctalion, 
is    almost    constantly    observed    from    the 
Gape   to   the   Sudan;    finalK.    the   throat   is 
also  geiienilK  clear  in  the  same  populations. 
lM)r  these  reasons,  it  seems  adxisiible  to 
treat  these  two  l^ast  Afric;ui  hnms  as  races 
of   />.  cdpotsi'. 
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4)   The   Populations  from   the   East  African 
Islands  (Pemba  and  Zanzibar) 

The  specimens  supposed  to  come  from 
Zanzibar  must  be  treated  with  suspicion, 
especially  those  in  the  old  collections.  It 
has  been  repeatedly  shown  that  the  origin 
of  specimens  alleged  to  have  come  from 
Zan/iliar  was  quite  different.  This  was 
apparently  the  case  for  the  cotypes  of  L. 
(icutirostre  Giinther,  presumably  collected 
in  Mozambique.  A  specimen  in  the  MCZ 
collection  ( MCZ  5992 )  poses  such  a  prob- 
lem. It  is  a  male  with  169  ventrals,  42 
subcaudals,  17  scale  rows  in  front  of  the 
anus,  and  2  apical  pits.  Although  the 
alleged  locality  is  Zanzibar,  the  specimen 


is  obviously  L.  irroratiim.  More  recently 
collected  specimens  from  Zanzibar  have 
all  the  characters  of  the  coastal  populations 
of  L.  capense  except  that  the  white  dots  on 
the  head  are  rather  indistinct. 

Specimens  from  Pemba  Island,  however, 
have  a  very  distinct  color  pattern:  the 
head  is  light  colored  with  dark  spots  (Fig. 
13),  a  pattern  somewhat  recalling  that  of 
Miodon  coJhiris.  This  population  is  obvi- 
ously worthy  of  recognition,  but  can  it  be 
included  in  one  of  the  two  species  existing 
in  coastal  East  Africa?  It  has  much  more 
in  common  with  G  than  with  H,  but  still 
more  with  the  southeastern  Tanzania  D, 
as  can  be  seen  on  the  following  chart. 


D 

G 

11 

Pemba 

N'fiitrals        S  S 

182-195 

195-211 

155-165 

172 

9  9 

192-203 

205-219 

167-176 

179-180 

Subcaudals  $  $ 

43-52 

47-58 

31-37 

46 

?  5 

33-41 

40-44 

23-29 

37-40 

Relative    length 

generally 

generally 

<  16.5% 

19.8% 

of   the    tail    (% 

>  16.5% 

>  16.5% 

of   snout-vent 

length )          S  $ 

?  5 

generally 

>  12% 

>12% 

<12% 

14.4-16.3% 

Dorsal  scales 

a    light    border 

a    light     liorder 

vvhitt'  dots 

a    light    bore 

Head 

vemiieulations 

vemiieulations 

no  vennicu- 
lations 

light  back- 
ground with 
dark  spots 

Throat 


light 


light 


dark 


light 


Thus,  it  appears  that  this  new  form  from 
Pemba  Island  is  a  subspecies  of  L.  capense. 

SYSTEMATIC  ACCOUNT 

Lycophidion    irroratum    (Leach) 

Coluber  irroratus  Leach,  1819,  in  Bovvdich,  T.  E., 
Mission  from  Gape  Goast  Castle  to  Ashantee: 
494. 

Lqcophkliuvi  irroratum  Angel,  1933,  Bull.  Com. 
Etud.  Hist.  Scient.  AOF,  15:  704;  Villiers,  1950, 
Initiations  II,  Serp.  Quest  Afr.  IFAN:  74,  fig. 
84;  Manacas,  1957,  An.  Junta  Invest.  Ultramar, 
10  (4,  F.l):  14,  Marques  Mano,  Ponta  de 
Machado    (Portuguese    Guinea). 

Lycophidion  intermediates  between  Lycophidion 
capense  and  acutirostre  Loveridge  (part),  1933, 


Bull.    Mus.    Comp.    Zool., 
(in   error).' 


74:      234,    Zanzibar 


Diagnosis.  Two  or  three  apical  pits. 
Snout  shorter  than  parietals.  Postnasal  in 
contact  with  2nd  labial,  seldom  with  1st 
as  well.  Scale  rows  17-17-17  (rarely  15) 
in  front  of  the  anus.  Ventrals:  165-187 
(S  S),  164-189  (  2  ?  ).  Subcaudals:  37-53 
(Si),  30-44  (9  9).  Color  brownish,  finely 


^  Citations  of  L.  capense  by  many  authors,  i.e. 
Bocage,  Sjostedt,  Chabanaud,  Angel,  Leeson, 
Braestrup,  Villiers,  Monard,  Cozens  and  Marchant, 
actually  refer  to  irroratum  and  semicinctum,  but 
this  problem  cannot  be  solved  without  an  actual 
examination  of  the  specimens. 
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Figure    5.      Lateral    and    dorsal    views    of    head,    and    dorsal 
scale    of    L.    ornatum. 


h\l}\t    stip|il('(l.    a    white    band    aiouiid    the 
snout.    Altcrnaliiig  dark  spots  in  juxcniles. 

Maxiniiini  .size  observed   (in   nun).    325 
(tail  41)  in  males;  MO  (tail  50)  in  females. 

S))eeimens  examined.  Sierra  Leone: 
(FMNII  121979-80);  Liberia:  Monrovia 
(MCZ  916);  l\'ataeli,  St.  Paul's  River  (MCZ 
22610);  Mulhenberg  Mission  (USNM  22829). 
Chana:  Aehimota  School  (MCZ  53641); 
Le,ii;on  ilili  near  Aehimota  School  ( MC>Z 
53678);  Kumasi  (MCZ  49606,  49733);  Oda 
(FMNII  4418,  53638);  near  Somanya  (MCZ 
55364).  To<^o:  Warawara  (MCZ  55360). 
No  loeaUly:  (Zanzibar,  in  (>rror)  (M(>Z 
5992). 


Lycophidion  semicincfum  Dumeril  and  Bibron 

Li/cophidiinn  scniiciiutuni  Duim'-iil  ami  Bil^ron, 
1854,  Herpet.  Gen.  7:  414  (locality?).  Angel, 
19;3.3,  Bull.  Com.  Etud.  Hist.  Scifnt.  AOF,  15; 
705,  fig.  32;  Villiers,  1950,  Initiations  II,  Seip. 
Quest  Afr.  IFAN:  74,  fig.  85;  Manacas,  1957, 
An.  Junta  Invest.  Ultramar,  10  (4,  F.l):  15, 
Bissalanca,  Marques  Mano,  Bissau  (Portuguese 
Guinea  ).- 

Diagnosis.  Only  one  apical  pit.  Snout 
about  as  long  as  or  longer  than  parietals. 
Postnasal  in  contact  with  2nd  lal)ial,  seldom 
with  1st  as  well.  Scale  rows  17-17-15. 
Ventrals:  183-193  (6  6)^  196-211  (  $  $  ). 
Subcaudals:  47-58  (6  6)^  36-46  (  ?  ?  ). 
(Exceptionally,  177  ventrals  and  42  sub- 
caudals in  a  male  from  northern  Ghana — a 
fact  which  suggests  a  northern  subspecies 
or  a  cline.)  Color  pattern  with  transverse 
bands  or  alternating  spots,  becoming  in- 
distinct in  the  largest  specimens'  without 
white  stippling. 

Maximum  size  (in  mm):  478  (tail  88) 
in  males;  788  (tail  88)  in  females. 

Specimens  examined.  Portuguese  Guinea: 
Bissau  (MCZ  18192).  Ghana:  without 
locality  (FMNH  74832);  vicinity  of  Aehi- 
mota School  (MCZ  55365-71);  near  hospital, 
Aehimota  School  (MCZ  53679-80);  Aehi- 
mota (MCZ  53677);  Legon  Hill  near 
Aehimota  School  (MCZ  55361,  FMNH 
74823-24);  Lawra  (MCZ  49560);  near 
Somanva  (MCZ  55362-63).  Gameroon: 
Poli  (MCZ  44130). 

Lycophidion  ornatum  Parker 

Lijcopliidion  oiiuilum  Parker,  1936,  Xoxit.  Zool., 
40:  122,  (^ougulii  (.\ng()]a)  ami  numerous 
loealities  in  Goiigo,  Tan/aiiia,  liurumli,  iiwanda 
and  Tganda;  Witte,  UMI,  I'Aplor.  Pare  Xat. 
Alhert,  33:  179,  numerous  localities  ot  Ki\u 
(Gongo)  ami  iiuanda;  Launnt.  1956,  Ann. 
Mus.  Ro\'.  (^ongo  Beige.  /<'<'!..  Ser.  8",  48: 
1  16,  pi.  XIl,  fig.  4,  numerous  localities  in  eastern 
('ongo,    Rwanda    and    Hnnnidi. 

I  .iicniihidioii  ((ipcii.sc  ((iixii.sc  ( non  A.  Smitli  "l 
l.overidge  (part)  1936a,  iMi-ld  Mus.  Nat.  Hist.. 
22:  23,  Ruchuru  (Congo);  Loxeridge  (part) 
1936h,  Bull.  Mus.  Gonip.  Zool..  79:  241.  Kige/.i 
Distr.,   Sipi    (I'ganda).    Kaimosi    (Kenya). 


-See  footnote  under  L.  innratuiii. 
'These   liave  been   misidcnlitied   .is   L 
or    /..    oiiuilniii. 


(■(iix'iise 
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Lycophidion  capense  iiztin^wcnsi.s  (non  Love- 
ridge)  Witte  (part)  1941,  Explor.  Pare  Nat. 
Albert,    33:     178,   Kiniha    (Congo). 

Lijcophidion  capcnsc  ornatum  Loveridge,  1942, 
Bull.  Mus.  Comp.  Zool.,  91:  266,  Bugoye, 
Nyakabande,  Mushongere  (Uganda),  Idjwi  Is- 
land   (Congo),   Ujiji    (Tanzania). 

Dkiiinosis.  Only  one  apical  pit.  Snout 
shorter  than  the  parietals.  Postnasal  in  con- 
tact with  2nd  labial,  seldom  with  1st  as 
well.  Scale  rows  17-17-17.  Ventrals:  183- 
206  (  c^  ^  ),  188-212  (99).  Subcaudals:  41- 
53  (c?<^),  36-46  (9  9). 

Brownish,  each  individual  scale  white 
stippled.  A  light  band  not  only  around  the 
snout,  but  behind  the  eyes  in  the  temporal 
region  as  well. 

Maximum  size  observed  (in  mm):  443 
(tail  66)  in  males,  558  (tail  63)  in  females. 

Specimens  examined.  Sudan:  Gilo 
(FMNH  62307).  Con^o,  Kivu:  Ruchuru 
(FMNH  12842);  Lulenga  (MCZ  24741-42); 
Rwanda:  Upper  Mulinga,  Idjwi  Island 
( MCZ  48193-249,  FMNH  35308 ) .  Uganda: 
Muko,  Lake  Bunyoni  (MCZ  42686,  paratype, 
collected  by  C.  R.  S.  Pitman);  Nyakabande 
( MCZ  48303);  Kigezi  District  (MCZ  39966); 
Bugoye  (MCZ  48191);  Gulu,  Achoh  (MCZ 
47827);  Sipi,  Mt.  Elgon  (MCZ  40468-70). 
Kenya:  Kakamega  (MCZ  40471-73). 
Tanzania:  Ujiji  (MCZ  48250).  Uganda: 
Lake  Mutanda  (MCZ  48192). 

Lycophidion    uzungwense    Loveridge 

Lijcophidion  capense  uziingwcnsis  Loveridge,  1932, 
Bull.  Mus.  Comp.  Zool.,  72:  375,  Dabaga, 
Kigoga  (Tanzania);  Loveridge,  1933,  Bull.  Mus. 
Comp.  Zool.,  74:    235. 

Diagnosis.  Only  one  apical  pit.  Snout 
shorter  than  the  parietals.  Postnasal  in  con- 
tact with  ])oth  1st  and  2nd  labials.  Scale 
rows  17-17-17.  Ventrals:  180  (  <^  ),  194 
(  9  ).   Subcaudals:   31  (  5  ),  23  (  9  ). 

Brownish,  each  individual  scale  with  a 
large  white  apical  spot;  a  very  broad  white 
band  around  the  snout  and  on  the  temporal 
region. 

Size  (in  mm):  214  (tail  24)  male  (holo- 
type);  272  (tail  23)  female  (paratype). 


Figure    6.      Lateral    and    dorsal    views    of    head,    and    dorsal 
scale    of    i.    uzungwense. 

S})ecimens  cxami)ied.  Tanzania:  Dabaga 
(MCZ  30117,  holotype,  collected  by  A. 
Loveridge  l.i.30);  Kigogo  (MCZ  30118, 
paratype,  collected  l)y  A.  Loveridge  22.i.30). 

Lycophidion  semiannule  (Peters) 

Lycopludiinn  .seniiannulis  Peters,  1854,  Monatsber, 
Akad.  Wiss.  Berlin:    622,  Tete   (Mozambique). 

Liicophidium  acutirostre  Ciiuther,  1868,  Ann.  Mag. 
"Nat.  Hist,  (4)  1:  427,  pi.  XIX,  fig.  D,  Zanzi- 
bar   ( in   error ) . 

Lycophidion  semiannule  Laurent,  1964,  Publ. 
Cult.  Diamang,  Mus.  Dundo,  67:  97,  Porto 
Amelia   (  Mozambique ) . 

Diagnosis.  Only  one  apical  pit.  Snout 
shorter  than  the  parietals.  Postnasal  in 
contact    with    both    1st    and    2nd    labials. 
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Figure  7.  Lateral  and  dorsal  views  of  head,  and  dorsal 
scale    of    i.    depressirosfre. 

Scale  rows  17-17-15.  Veiitrals:  134-148 
(6  6),  144-168  (99).  Subcaudals:  27-31 
U  i),   18-30    (9  9). 

Brownish,  the  indixidual  scales  generally 
wliitc  stippled  or  white  hordcM-ed.  A  broad 
white  hand  with  sinuous  border  around  the 
head.    Belly  and  throat  dark. 

Maximum  .size  ohservcd  ( in  mm ) :  253 
(tail  44)  hi  males,  243  (tail  29)  in  females. 

S))ccimens  examined.  Tanzania:  Liwale 
(FMNII  81084).  Mozambique:  Lumbo 
(MCZ  18188-89;  AMNII  16880;  USNM 
629(K)).    No  ioealiUj  ("Zanzibar"  in  cTror): 


(BM  68-2-29-126,  probably  one  of  the 
syntvpes  of  L.  aeutirostre).  Zambia:  Barotse- 
land:  Siholi  Mission  (FMNH  134259). 
Rhodesia:  Bulawayo:  (FMNH  121816). 
Remarks.  The  specimen  from  Zambia 
differs  from  the  others  in  its  color  pattern 
(transverse  dark  spots,  light  belly)  and  its 
high  number  of  ventrals  ( 168  instead  of 
144  in  the  only  other  female  here  con- 
sidered). While  it  probably  belongs  to  the 
species,  it  pro\es  at  least  a  geographical 
xariation,  but  we  have  no  clue  to  decide  if 
a  dine  or  a  sul)species  is  involved. 


1893, 
Island 


Stern- 

Zentral 

1913,   in 

4:     363, 


Lycopliidion   depressirosfre   sp.    n. 

Ltjcophidium  jack.soni  Boulenger  (part). 
Cat.  Snakes  Brit.  Mns.,  1:  340,  Lanin 
(  Kenya ) . 

Ltjcopliidiuni    aeutirostre    ( non    Giinther) 
fekl      1912,     Wiss.     Er,uel)n.     Dentsch 
Afrika  Exp.,  4:    268,  Ken\a;  Boettger, 
X'oeltzkow,    Reise   in   Ostafrika,    3,   pt. 
Ma\  ene   (  Tanzania  ) . 

l^ycophkUon  capcnse  capcmc  (non  A.  Smith) 
Loveiidge  (part),  1933,  Bull.  Mus.  Comp.  Zool., 
74:  233,  Kampala  (Uganda);  Lo\eridge  (part), 
1951,  Bull.  Mus.  Comp.  Zool.,  106:  188, 
Mgukmi  (Tanzania);  Loveridge  (part),  1956, 
Sudan  Notes  and  Records,  36:    7,  Torit  (Sudan). 

Liicophidion  intermediates  lietween  capcnse  and 
aeutirostre,  Loveridge  (part).  1933,  Bull.  Mus. 
Comp.  Zool.,  74:  234,  Bagamoyo,  Kilosa, 
Morogoro    (  Tanzania  ) . 

liicophidion  capcnse  ><  aeutirostre  Loveridge, 
1936,  Bull.  Mus.  Comp.  Zool.,  79:  242,  Kibwezi, 
Mt.  Mbololo,  Malindi,  Changannve  (Kema): 
Loveridge,  1942,  Bull.  Mus.  Comp.  Zool.,  91: 
269,   Ugano,   Mbanja   (  Tanzania ) . 

L{ieo]}hidion  ca)icn.se  uznn^tcoisc  (non  Lo\eridge) 
Bogert,  1941,  Bull.  Amer.  Mus.  i\'at.  Hist.,  77: 
31,   Sankuri    (  K(>nya). 

(non    \.    Smith)     Parker 
\erhand.,    6:      54,    Hand 


?  Lyeophidifni  ca))cnsc 
(part),  1949,  Zool. 
( Somali   l^ep. ). 


Ilolotype:  MC:Z  53348,  Torit.  Sudan, 
collected  by  John  0\\  t'n  2().\-.5(). 

Faratiipcs:  Torit,  Sudan  ( MCZ  53.347. 
53350,  53352,  53354-57;  FMNH  58414, 
62338-40),  collected  In  John  Owcmi  .30.iv.50. 
29.vi.59,  vii.  50,  H.vi.4S,  28.iii.50  and 
22.iv.50.  Yei.  Sudan  (FMNII  58321),  col- 
lected by  W.  Alison  29.iv.48. 

Diapiosis.  ()nl\  one  apical  pit.  Snout 
shorter    than    the    p;uiet;ils.      Postnasal    in 
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contact  with  both  1st  and  2nd  labials.  Scale 
rows  17-17-15.  Ventrals:  155-174  (  c5  5  ), 
161-178  (  9  ?  ).  Subcaudals:  32-39  {i  i). 
22-31   (  ?  9  ). 

Brownish,  each  individual  scale  with  a 
light  subapical  spot  generally  divided  in 
minute  dots.  No  markings  on  the  top  plates 
of  the  head,  but  a  broad,  conspicuous  light 
band  w  ith  sinuous  border  around  the  snout. 
Belly  and  throat  pigmented. 

Maximum  size  observed  ( in  mm  ) .  ( a )  In 
Sudanese  populations:  362  (tail  50)  in 
males,  492  (tail  42)  in  females,  (b)  Kampala 
specimen  (  c^  ) :  362  (tail  52).  (c)  East 
African  populations:  329  (tail  46)  in  males, 
399  (tail  49)  in  females. 

OtJier  specimens  examined.  Ug,anda: 
Kampala  ( MCZ  30115).  Keniia:  Mtoto 
Andei  (USNM  48590);  Mt.  Mbololo  (MCZ 
40480);  Malindi  (MCZ  40481);  Kibwezi 
(MCZ  40478);  Sankuri  (AMNH  50792); 
Killibasi  (AMNH  61661);  Shaffa  Dikka 
(AMNH  61644);  Kaimosi  (USNM  49388). 
Tanzania:  Morogoro  (MCZ  18495;  AMNH 
16881,  16883);  ^Mgulani  (MCZ  50289); 
Ugano  (MCZ  44112);  Bagamoyo  (MCZ 
30104-06);  Kilosa  (MCZ  18191);  Mbanja 
(MCZ  48271);  Liwale  (MCZ  52641,  59178; 
FMNH  81089,  81695);  Tunduru  (MCZ 
52642);  Nachinzwea  (FMNH  78207,  78209, 
78214-15).  Somali  RejmbJie:  (BM  1949- 
2-1-80-82). 

GeographieaJ  variation.  Although  the 
species  is  here  described  as  monotypic,  it 
is  far  from  devoid  of  geographical  varia- 
tion. We  already  saw  that  the  size  is  con- 
siderably smaller  in  the  eastern  populations. 

In  the  Kampala  specimen,  the  snout 
band  is  less  wide  and  interrupted;  the 
dorsal  scales  have  a  single  apical  spot.  In 
the  Kenya  specimens,  there  are  tiny  black 
dots  and  vermiculations  \\'ithin  the  light 
band,  the  top  head  plates  may  have  light 
dots,  and  the  dorsal  scales  have  many  small 
subapical  white  dots.  The  Tanzania  speci- 
mens are  very  similar,  but  the  spots  on  the 
dorsal  scales  are  more  numerous  and 
farther  inside  the  scale. 

The  Somali  individual  has  the  white  snout 


band  still  more  reduced  and  no  light  dots 
on   the   dorsal  scales. 

Generally,  the  median  plates  of  the  head 
(internasals,  prefrontals,  frontal,  supra- 
oculars, ]:)arietals)  are  miiform;  only  seldom 
do  they  have  a  few  light  dots. 

For  the  present,  these  variations  are  not 
considered  worthy  of  any  taxonomic  recog- 
nition. 

Lycophidion   capense   A.   Smith 

See  synonymy  and  references  under  sub- 
species. 

Species  (baiitiosis.  Only  one  apical  pit. 
Snout  shorter  than  parietals.  Postnasal  in 
contact  with  botli  1st  and  2nd  labials.  Scale 
rows  17-17-15.  Ventrals:  166-211  {i  S), 
173-219  (99).  Subcaudals:  31-58  {S  S), 
24-44  (9?).  Brownish  in  general,  with 
each  individual  scale  showing  a  single  large 
subapical  white  spot.  Head  plates  with  or 
without  light  vermiculations.  Belly  dark 
or  light  but  throat  generally  light. 

Lycophidion  capense  capense  Smith 

Lycodon  capense  A.  Smith,  1831,  S.  African  Quart. 
Jour.,  (1)  5:  18,  Kurrichane,  i.e.  Rustenberg 
Distr.    (  Transvaal ) . 

Lijcodon  horstoki  Schlegel,  1837,  Essai  Phys.  Serp., 
2:    III,  pi.  IV,  figs.  10-11,  Cape  of  Good  Hope. 

Lycophidion  capense  capense  Bogert  (part),  1940, 
Bull.  Anier.  Mus.  Nat.  Hist.,  77:  30,  Mereliank 
(Natal);  FitzSimons,  1962,  The  Snakes  of  South- 
ern Africa:     124,  many  localities  listed. 

Dia<^nosis:  Ventrals:  180-188  (  c5  c?  ), 
188-190  (99).  Subcaudals:  36-41  {i  i), 
30-39  (99).  Brownish  above,  each  in- 
dividual scale  showing  a  single  large  sub- 
apical white  spot  (which  can  be  irregular 
in  shape )  or  several  smaller  dots  or  a  white 
apical  border.  Head  plates  with  light 
vermiculations.  Belly  and  throat  entirely 
light  colored. 

Maximum  size  observed  (in  mm).  325 
(tail  45)  in  only  3  males  available. 

Specimens  examined.  Transvaal:  Pretoria 
(MCZ  14193).  Natal.  Ottawa  (AMNH 
5903);  Merebank  (AMNH  60109).  Cape 
Colony:    Grahamstown    (MCZ  21482). 
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Remarks.  The  number  of  specimens  ex- 
amined is  admittedly  too  few.  Tlierefore, 
the  diagnosis  and  the  range  of  the  typical 
form  of  the  species  must  be  considered  as 
very  tentatively  outlined   here. 

Rarv^c.  South  Africa,  surely  from  Cape 
Colony  to  Natal  and  Transvaal,  but  the 
northern  limits  (Zainbeze  or  Limpopo?), 
if  not  arbitrary,  are  still  not  known. 

Lycophidion    capense    multimaculatum 
Boettger 

Lycophidiuni  capen.se,  unit,  iiinltiinacuhitd  Boi't- 
tgcT,  1888,  Ber.  Seuckrnl).  Naturf.  C'.es.,  67, 
Povo   Nenilac),   Fovo   Netoiina    (Lower   Congo). 

Lijcophklitini  ca])ensc  Bocage,  1895,  Herp.  Angola: 
81,  Caconda,  C'.alanga,  Mossaniedes,  "Angola" 
( Angola). 

Lyc()phi(tii»i  capciisc  capnisc  ( non  A.  Sniitli) 
Schniidt,  1933,  Ann.  Carnegie  Mns.,  22:  13, 
Chitaii,  Cauea  (Angola);  Bogert  (part),  1940, 
Bull.  Amer.  Mus.  Nat.  Hist.,  77:  30,  "Angola"; 
Mertens  (part).  1955,  A])handl.  Senekenli. 
Natnrt.  Ces.,  490:  92,  Caninians,  Okahandia, 
(Irootlontein    (  Soutlnvest   Africa). 

Li/i()l)hi(li(>ii  cdpciisc  iiinltitiKiciilaftim  Laurent, 
1956,  Ann.  Mns.  Hoy.  C;ongo,  in  8  ,  Zool.,  48: 
115,  Peneniende,  sources  of  the  I^ofoi,  Niemlia- 
Lukuga  conflucnl  (sontlieastern  Congo);  Laurent, 
1964,  Ful)l.  Cult.  Dianiang,  Mus.  Dundo,  67: 
94,  Dundo,  Alto  (,'uilo,  (lazouilio,  Macondo, 
Calonda    (  .\iit;<)la  ). 

Dia<^n().si.s.  N'cntrals:  16T-1S0  ( c5  <^ ),  173- 
184  (99).  Subcaudals:  31-42  {i  i),  24- 
37  (  9  9  ).  Brownish  above,  each  individual 
scale  bearing  a  single  subapieal  light  spot, 
sometimes  irregular  or  divided,  sometimes 
replaced  1)\  scattered  light  spots.  Head 
jilates  Willi  light  \c  rmiculations  in  southern 
p()])iilali()ns.  hccoinitig  umMorm  or  with  only 
a  line  around  the  snout  in  northern  pop- 
ulations, lielly  light  in  southern  popula- 
tions, dark  in  nortlicni  populations,  partK 
pigmented  in  intermediate  populations. 
Tluoat  alwaxs  light. 

.Md.ximiun  size  observed  (in  mm).  35S 
(tail  45)  in  males,  527  (tail  54)  in  females. 

S))eeimeiis  examined.  Soiillnrest  Africa: 
Okamandja  (l-'MMl  57653,  62780,  64482, 
65870,  81618);  l.nderit/  Bay  (MCZ  22050). 
Heelntaiudand:  Maun  ( FMNM  17722). 
Rliodesia:  Bembe/i  (USNM  142081); 
Hulawayo  (  MC/   12620,  .56349,  58188-90); 


Chirinda  (MCZ  29177-78).  Zand)ia:  Kali- 
chero  (MCZ  69048);  Msuro  (MCZ  69049); 
Abercorn  (MCZ  54657-59).  Angola:  no 
precise  locality  (AMNH  50511);  Chitan 
(FMNH  18524);  Lundo  (MCZ  74128). 

Range.  From  Southwest  Africa  and 
Rhodesia  to  southern  C'ongo. 

Remarks.  The  populations  united  under 
this  trinomen  are  obviously  very  diverse.  It 
has  been  assumed  that  this  variation  is 
clinal  but  this  remains  to  be  confirmed,  as 
does  the  non-elinal  nature  of  the  transition 
with  the  typical  h)rm.  The  southern  pop- 
ulations of  multimaculatum  have  lower 
ventral  counts  than  L.  eapcnse  capense, 
but  they  keep  their  characteristic  color 
pattern,  namely  the  light  belly.  It  seems 
that  this  character  evolves  clinally  in  a 
northern  direction.  The  head  reticulations 
disappear  in  northern  populations  (north- 
ern Angola  and  southern  Congo).  The 
specimens  from  Abercorn  have  white 
stippled  dorsal  scales,  as  are  common  in 
L.  depressirostre;  the  others  have  the  single 
spot  which  appears  characteristic  of  the 
species  in  C'entral  Africa.  The  relationships 
of  the  multimacid(itu))i  populations  with 
forms  to  the  east  are  unclear.  My  investiga- 
tions in  the  eastern  Congo  have  definitely 
shown  that  no  smooth  transition  exists  be- 
tween multimacidatum  and  jacksoni. 

A  last  point  must  be  mentioned  here: 
the  specimen  from  Angola  (AMNIl  50511) 
has  tlK>  striking  color  pattein  of  L.  Jiellmichi, 
but  the  scale  counts  of  nudiinmeulatum. 
It  appears  that  more  sampl(\s  From  southern 
Angola  \.\xe  badly  needed  for  a  proper  eval- 
uation of  the  situation. 

Lycophidion  capense  jacksoni   Boulenger 

Li/cophiilinin  iticksoiii  Boulenger  (part).  1893, 
Cat.  Snakes,  Brit.  Mns.,  1:  340,  pi.  .\.\L  fig.  3, 
KiliuKuijaro  (  Tangainika  =  Tanzania  ). 

L'jcopliidiuiii  (iht/xsinicuiu  Boulenger,  189.),  (lat. 
Snakes,  Brit.  Mus.,  1:  342.  pi.  XXli.  fi^.  1. 
soutliein    .\1)\  ssinia. 

Ijjcophidion  inoidhnii  (non  l.eacli)  Si-luuidt, 
1923,  Bull.  Amer.  Mus.  \at.  Hist.,  23:  68, 
Duugu.    Carauiha    (northeastern    Congo). 

Ijjcophidinn  (7//)r/i.se  capense  (non  ,\.  Smith) 
I  .(i\  cridue  (jiart),   1933.   Bull.   Mus.  (4)mp.  Zool.. 
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Figure    8.      Lateral    and    dorsal    views    of    head,    and    dorsal 
scale    of    L    capeme    jacksoni. 

74:  233,  Ujiji  (Tanzania),  Ukerewe  Island 
(Lake  Victoria),  Jinja  (Uganda);  Loveridge 
(part),  1936,  Field  Mus.  Nat.  Hist.,  Zool.,  22: 
23,  Nairobi  (Kenya),  Harar  (Ethiopia),  "Bel- 
gian Congo";  Loveridge  (part),  1936,  Bull.  Mus. 
Conip.  Zool.,  79:  241,  Sabei  (Uganda); 
Uthmoller,  1937,  Temminckia,  2:  107,  Coniberi, 
Sanya  (Tanzania);  Uthmoller,  1941,  Zool.  Anz., 
135:  233,  Gomberi,  Hanang,  Momella,  Mto- 
wa-mbu,  Sanya,  Yaida;  Witte,  1941,  Explor. 
Pare  Nat.  Albert,  33:  178,  Kalinga,  Mabenga 
(eastern  Congo),  Nyakatare  (Rwanda);  Love- 
ridge (part),  1942,  Bull.  Mus.  Conip.  Zool.,  91: 
268,  Butiaba  (  Uganda ) ;  Ujiji  (  Tanzania ) ; 
Loveridge  (part),  1956,  Sudan  Notes  and 
Records,  36:  7,  Gilo  Iniurok,  Latome,  Nimiile, 
Tarangole,  Yegiyegi  (  Sudan ) . 
Lijcopliklion  capense  tiziingicciisis  ( non  Love- 
ridge) Witte  (part),  1941,  Explor.  Pare  Nat. 
Albert,  33:    178,  Kanyabayongo  (eastern  Congo). 


Li/copliicli(in  capcn.se  jacksoni  Laurent,  1956,  Ann. 
Mus.  Roy.  Congo,  in  8°,  Zool.,  48:  109,  pi.  XII, 
fig.  3,  numerous  localities  of  eastern  Congo, 
Rwanda  and  Bunmdi;  Skelton-Bourgeois,  1961, 
Rev.  Zool.  Rot.  Afr.,  63:  333,  Ngorongore, 
Hanang,   Marangu    (Tanzania). 


Diagnosis. 


Ventrals:  178-192  ( ^  c^ ),  184- 
206  (99).  Subcaudals:  34-45  {i  i),28- 
38  (99).  Brownish  al:)Ove,  each  individual 
scale  with  a  single  subapical  Hght  spot  or  a 
light  border.  Head  plates  almost  always 
without  Hght  markings  on  the  top,  generally 
with  only  a  slender  white  line  around  the 
snout.    Belly  dark,  Init  throat  Hght. 

Maxitnum  size  observed  in  specimens 
cited  ( in  mm  ) .  424  ( tail  53 )  in  males,  535 
( tail  mutilated  30 )  in  females  ( see  also 
Laurent,  1956  and  1960). 

Sj)eci7nens  examined.  Tanzania:  Tumba, 
Lake  Rukwa  ( MCZ  54654-56);  Kibondo 
(MCZ  51626);  Igala,  Kigoma  (MCZ 
54817);  Ujiji  (MCZ  30113,  48252-53); 
Ukerewe  Id.,  Lake  Victoria  (MCZ  30114). 
Kem/a:  without  locality  (USNM  42049); 
Maima  Springs  (FMNH  79146);  Kijabe 
(FMNH  2430);  Parklands  (MCZ  18190); 
Lat  0\  Long.  39°E  (MCZ  11485);  Nairobi 
(USNM  40966-67);  Wambugu  (USNM 
40885);  between  Mt.  Kenya  and  Fort  Hall 
(USNM  41133);  Lake  'Sirgoit  (USNM 
42023);  between  AJ)i/ssinia  and  Kenya 
(USNM  66928).  Uganda:  Buddu  Coast 
(AMNH  5259,  24284);  Nvenga  (AMNH 
63770-72);  Jinja  (MCZ  30116);  Sebei,  ML 
Elgon  ( MCZ  40467 ) ;  Butiaba  Swamp,  Lake 
Albert  (MCZ  48251).  Congo:  without 
locaHtv  (FMNH  4027);  Bunia  (MCZ 
25149);  Caramba  (AMNH  12035);  Dungu 
(AMNH  12041).  Sudan:  Gila,  Imatong 
Mountains  (MCZ  53342);  Imurok  (MCZ 
53343);  Juba  (  FMNH  58500,  58510);  Katire 
(FMNH  62308);  Latome  (MCZ  53344); 
Nimule  (MCZ  53345);  Terangore  (MCZ 
53346);  Torit  (MCZ  53349,  53351,  53353); 
Yei  (FMNH  58322).  Ethiopia:  Harrar 
(FMNH  4026). 

Range.  Sudan  and  western  Ethiopia  to 
southern  Kivu  and  western  Tanzania 
through  Uganda,  western  Kenya,  Rwanda 
and  Burundi. 
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Remarks:  It  has  been  established  beyond 
any  reasonable  doubt  that  jacksoni  does 
not  merge  into  multinmculatum  in  the 
Congo,  the  Fizi  esearpment  being  the  ver\' 
sharp  limit  between  the  two  races.  That  a 
clinal  trai7sition  does  not  exist  at  the  eastern 
side  of  Lake  Tanganyika  cannot  be  proved 
with  the  a\ailable  data;  there  is,  on  the 
contrary,  a  clinal  suggestion  in  the  relativeh 
low  ventral  counts  of  the  Lake  Rukwa  speci- 
mens. The  range  of  this  subspecies  is  large 
since  specimens  from  Sudan  and  even  from 
Abyssinia  are  not  separable  from  it.  The 
type  of  ahyssinicum  proves  to  be  a  synonym 
of  jacksoni. 

Lycophidion  capense  subsp. 

L[ic()}>hiiium  lapcii.sc  ( iiou  A.  Smith)  Parker 
(part),  1949,  Znol.  VVrhandl.,  6:  54,  Borania 
Distr..  Hand  (Somalia),  W'aramalka  (Ethiopia). 

Dia'^no.sis.  Ventrals:  166-175  {i  i), 
177-188  (99).  Subcaudals:  34-35  {i  i). 
26-32  (99).  Brownish,  each  dorsal  scale 
\\  itli  a  su])apical  light  spot  or  with  scattered 
small  subapical  dots.  Head  markings  as  in 
jacksoni,  sometimes  (2  specimens)  with 
light  i:)unctation  and  \-ermiculations  on  the 
crown  plates.  Belly  dark  and  throat  gen- 
erall\  dark  also.  A  white  collar  in  some 
specimens. 

Maximum  size  o])scrvcd  in  specimens 
exami)H'd  (in  mm).  309  (tail  34)  in  males, 
463  (tail  48)  in  females. 

Specimens  examined.  Ethiopia:  Ouara- 
malka  (BM  1916-6-24-4-5).  Somali  Re- 
public: Hand  (BM  1949-2-1-72,  1949-2- 
1-78-79,  1949-2-1-83);  Borama  (1955-1- 
11-3'-^). 

Raniie:  Xorllurn  Somali  Bepiiblic  and 
adjacent  parts  of  Ethiopia. 

Remarks.  The  eastern  Ethiopian  and 
Somalian  populations  appear  to  r(>present 
an  undescribed  subspecies.  The  vcMitral 
and  subcaudals  differ  som(-\\hat  from  the 
jacksoni  counts  and  arc  not  \vy\  nnich 
higher  than  the  mullinuiculalum  counts. 
These  jiopulations  differ  from  iimlliindc- 
ulatum  by  their  generally  dark  throat,  and 
Irom  both  jacksoni  and  mullimacuJatum  b\- 


the  presence  of  a  white  collar  in  some  speci- 
mens. However,  we  do  not  name  this  sus- 
pected subspecies,  because  the  apparent 
variability  of  this  small  sample  is  such  that 
we  are  not  quite  sure  that  it  is  really 
homogeneous.  Furthermore,  the  data  are 
too  scant  to  suggest  unequivocally  the 
absence  of  a  clinal  transition  with  jacksoni. 

Lycophidion    capense    loveridgei    subsp.    n. 

Lijc(>i)hicli(>ii  capense  Barhour  and  Loveridge,  1928, 
Mem.  Miis.  Comp.  Zool.,  50:  113,  Bagilo, 
Nyange,  Vituri,  Uluningu  Moimtains;  Amani, 
Bumbidi,     l^sambara    Mountains. 

Lijccijiliitliint  aqtoisc  capense  ( non  A.  Smith) 
Loveridge  (part),  1933,  Bull.  Mus.  Comp.  Zool, 
74:  233,  Mwaya,  Lake  \yasa  (Tanzania); 
Loveridge  (part),  1936,  Bull.  Mus.  Comp.  Zool., 
79:  241,  Mkonunibi,  Ngatana  (Kenya);  Love- 
ridge (part),  1942,  Bull. Mus.  Comp.  Zool.,  91: 
268,  Amboni  Estate  (Tanzania),  Kilindini 
( Kenya ) . 

Holofype:  1  9  ( MCZ  23196),  Amani, 
Usambara  Mountains,  Tanzania,  collected 
by  A.  Loveridge  29.xi.26. 

'Paratypes:  "u ,  19  (MCZ  23197-98), 
Amani,  Usambara  Mountains,  Tanzania,  col- 
lected by  A.  Loveridge  29.xi.26. 

Dia<^no.sis.  Ventrals:  193-211  (  c^  c^  ), 
205-219  (99).  Subcaudals:  47-58  (S  S), 
38^4  (99).  Brownish  on  the  back,  each 
individual  scale  with  a  subapical  white 
spot  or  a  white  border.  Head  plates  with 
many  light  dots  or  xermiculations.  Belh' 
dark,  with  a  light  throat. 

Maximum  size  observed  (in  mm).  480 
(tail  80)  in  males,  623  (tail  73)  in  females. 

Other  s))eci)nens  examined.  Kciu/a: 
Mkonumbi  19  (MCZ  40474);  Ngatana,  19 
(M(;Z  40475);  Likoni,  mainland  opposite 
Kilindini,  1  c^  (MCZ  48266).  Tanz(niia: 
Amboni  Estate,  2S  S  (MCZ  48264-65); 
Usambara  Mountains,  l^ninbnli.  \d  (MCZ 
23200);  Uluguru  Mountains,  Bagilo,  19 
(MCZ  23189).  Nvange,  U,  399  (MCZ 
23190-93);  Vituri,  1  juv.  (MCZ  23195); 
Mwaya,  Lakc>  X\asa,  Ic^,  1  9  ( MCZ  30109- 
10).   Zanzibar:  'l  9   (BM  1950-1-5-35). 

Ran^e  innl  conuncnls.  This  subspecies 
appears  to  li\c'  w  ilhin  a  naiiow  band  going 
liom   coastal    kenva   in   a   southwest   direc- 
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Figure  9.  Lateral  and  dorsal  views  of  head,  and  dorsal 
scale    of    L    copense    vermiculatum. 

tion  to  the  northern  shore  of  Lake  Nyasa, 
through  eoastal  northern  Tanzania,  Usam- 
bara  and  Uluguru  Mountains.  Nowhere 
do  the  loveridgei  populations  come  near 
the  known  jocksoni  locaHties,  but  even  if 
the  intervening  space  ( between  KiHman- 
jaro  and  the  coast  or  between  Lake  Rukwa 
and  Lake  Nyasa)  should  be  occupied 
by  intermediary  populations,  the  vastness 
of  the  jacksoni  range  hardly  allows  us 
to  suppose  that  the  race  here  described 
might  be  part  of  a  smooth  cline  going 
from    the    Lake    Victoria    and    Lake    Tan- 


ganyika region  towards  the  coast.  Un- 
fortunately, there  is  a  very  large  blank 
in  central  Tanzania:  we  simply  don't  know 
what  species  of  Lycophidion  are  living 
there. 

Lycophidion  capense  vermiculafum  subsp.  n. 

Lycophidion  capense  capense  (non  A.  Smith) 
Bouert  (part),  1940,  Bull.  Amer.  Mus.  Nat. 
Hist.,  77:  30,  Mlanje  (Malawi);  Loveridge 
(part),  1942,  Bull.  Mus.  Comp.  Zool.,  91:  268, 
Mikindani,  Mbanja,  Nchingidi  ( Tanzania ) ; 
Loveridge  (part),  1951,  Bull.  Mus.  Comp.  Zool., 
106:  188,  Liwale  (Tanzania);  Loveridge 
(part),  195.3,  Bull.  Mus.  Comp.  Zool.,  lib: 
258,  Kotakota,  Cholo  Mountains  ( Malawi ) ; 
Manacas,  1959,  Mem.  Junta  Invest.  Ultramar,  8: 
139,  Vila  Paiva  de  Andrada  (Mozambique). 

Holuiype:  16  (MCZ  48225),  Mbanja, 
near  Lindi,  Tanzania,  collected  by  A.  Love- 
ridge 26-30.iv.29. 

Paiatypcs:  16,  19  (MCZ  48256-57), 
Mbanja,  near  Lindi,  Tanzania,  collected  by 
A.  Loveridge  26-;30.iv.29. 

Diagnosis.  Ventrals:  182-195  {$  $), 
192-203  (  $  9  ).  Subcaudals:  4:3-52  \i  i), 
33-41  (99).  Color  pattern  as  in  love- 
ridiici. 

Maximum  size  observed  (in  mm).  385 
(tail  61)  in  males,  521  (tail  57)  in  females. 

Other  specimens  examined.  Tanzania: 
Morogoro,  16,  19  ( AMNH  16882,  16884 ) ; 
Mikindani,  16  (MCZ  48254);  Nichingidi, 
Rondo  Plateau,  36  6,19  ( MCZ  48260-63 ) ; 
Ruponda,  19  (MCZ  52640);  Liwale,  7  6  6, 
39  9  (MCZ  50249,  52639;  FMNH  81083, 
81085-88,  81693-94,  81696);  Nachinzwea, 
76  6,39  9  (FMNH  78204-06,  78208,  78210- 
13,  78216,  81208).  Malawi:  Kotakota,  19 
(AMNH  67793);  Mlanje,  1  9  (AMNH  44308); 
Cholo  Mountains;  19    (MCZ  51095). 

Range.  Southeastern  Tanzania,  Malawi 
and  presumably  northern  Mozambique. 

Comments.  The  difference  in  ventral 
counts  between  verjnicidatum  and  love- 
ridgei is  clear  cut  enough  to  almost  certainly 
preclude  any  clinal  possibility.  The  lateral 
relationships  with  nudtimacidatum  in  North 
Rhodesia  and  with  capense  through  south- 
ern Mozambique  are  unknown. 
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Figure      10.      Lateral      and     dorsal     views     of     head      of     L 
copense    pembanum. 

Lycophidion   capense   pembanum   subsp.   n. 

Lyc()))ltUlii)ii  vapcnsc  cdpcnsc  Moreaii  and  Paken- 
liain,  1941,  I'roc.  Zool.  Soc.  London,  Ser.  A, 
1  10   (parts  3  and  4):     108. 

Ilolotypc:  16  (BM  1940-1-18-74),  Pemba 
Island. 

Vamhipcs:  29  9  ( BM  1940-1-18-75-76), 
Pemba  Island;  19  ( MCZ  46133),  Wete, 
Pcniba  Island. 

Diaiinosis.  Wntials:  172  (  <^  Holotype), 
179-180  (99).  Siibcaudals:  46  (  ^  ),  37- 
40  (99  ).  Brownish  on  tlu-  back,  t'at'h  in- 
dividnal  scale  liglit  bordered  and  or  with 
a  snbapical  Ii<j;ht  sjiot.  Head  light  colored 
with  dark  spots.  lU  lly  brown,  throat  light 
colored. 

^ize  (in  mm).  Ilolotvpe  (male):  267 
(tail  53).  The  h)ngest  female  (MCZ  46133) 
measured  406  mm  (tail  51  mm). 

Hduiie.    P(  inba   Island   (Tanzania). 

('onnnenls.  This  insular  subspecies  is 
high!)'  characteristic.  No  other  L\ico))hi(lio)\ 
has  tins  ver\'  peculiar  color  pattern  on  the 
head,  which  is  \er\  similar  to  that  of 
Miodon  coHaris.  The  ventral  counts  are 
debnitcK     lowci'    than    in    flu>    neiirhborini!; 


mainland  populations  ( vermicidatimi  and 
loveridgci)  but  similar  to  those  of  midti- 
macidatum  or  of  the  Somalian  popula- 
tions. The  subcaudal  counts  are  as  in 
vcrmicidatnm  but  somewhat  lower  than  in 
loveridiici.  The  sharpness  of  the  characters, 
as  well  as  the  geographical  isolation,  dem- 
onstrate that  any  clinal  connection  with 
other  subspecies  is  out  the  question. 

Key  to  the  Recognizable  Species  and  Subspecies 
IN  THE  Genus  Lycophidion 

Some  species  which  in  the  past  have  been 
rc^ferred  to  Lycophidion  are  now  attribnted  to 
other  genera  like  Oojiliilosititni,  CJioinucIycus 
(  with  which  OophilosHuiu  has  been  recently  synon- 
ymized  by  de  Witte,  1963),  and  Dendrolycus. 
Tliey  are,  of  course,  not  in  this  key,  which  is 
iiiodilicd    from   that   of   Parker    (19.33). 

L.    Apical  pits  double  or  more.   Scale  rows  17, 
only   rarely   reduced    in    number   before 

the  vent  2 

Apical  pits  single  3 

2.  Apical  pits  2  to  6,  usually  4.    Two  labials 

only  entering  tlie  e\e.    Rain  Forest  (West 

Africa    to    eastern    Congo)    

L.  laferale  Hallowell 

Apical  pits  2,  sometimes  3.    Three  labials 

entering  the  eye.    West   Africa   

L.   irroratum    (Leach)* 

3.  Maximum  number  of  scale  rows  19.    Two 

labials  entering  the  eye.   Congo  forest     - 

L.   ]>ohjli'pi.s   Boulenger 

Maximum  number  of  scale  rows  15  or  17. 
Three   lal)ials   entering   the   eye   4 

4.  Maxinuim  number  of  scale  rows  15.    From 

Angola     to    Tanzania     

. L.   melcagre  Boulenger 

Maximum   number  of   scale  rows   17  5 

5.  Scale  rows  geueralK    not   reduced  in  front 

of  the  vent.  A  broad  n-sliaped  light 
])and  around  the  snout,  still  very  wide 
and  conspicuous  in  tlie  temporal  region  6 
Scale  rows  generalK  rt'ihieed  in  trout  of 
tlu-  \(iit,  Wiuii  iMi'si'nt,  liglit  snout 
band  narrow  or,  if  l)road,  is  disintegrat- 
ing   in    the    temporal    region    7 

0.  Postnasal  generally  not  in  contact  with  the 
first  labial.  Subcaudals:  41-53  (66), 
36-46  (99).  Dorsal  scales  light 
stippled.  Snoul  band  less  l)road.  Iligli- 
lancls  of  ('entral  .Africa,  Sudan  to 
.Angola     througli    eastern    and     soutliern 


'  A     western     and     an     castirn     suhspecii'S     are 
in-rltaps   recognizable   on   the   ])asis   of  xcntral   and 

subcaudal    counts    in    tlic    males. 
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Congo,   Uganda,   Rwanda,   Bunnuli   antl 

western  Tanzania  L.  onuitiini   Parker 

Postnasal  in  contact  with  the  first  lal)ial. 
Snbcandals:  31  (  ^  ),  23  (  9  ).  Dorsal 
scales  with  a  single  large  white  apical 
spot.    Snont  band  broader  than   in  any 

other  form.    Uzungwe   Mountains   

.-_  L.  uzungwense  Loveridge 

7.  Snout     about     as     long     or     longer     than 

parietals.     Postnasal    seldom    in    contact 

with   first    labial.     West   Africa    

L.  semicinctum  Dinneril  and  Bibron 

Snout  shorter  than  parietals.  l^ostnasal 
generally  in  contact  with  first  labials     ,      8 

8.  Fewer  ventrals  and  subcaudals.    Ventrals: 

134-174  (  c?  c5  ),  144-178  (99).  Sub- 
caudals: 27-39  ((?<?),  18-31  (99). 
Throat  dark  as  the  belly.  A  broad  light 
band  around  the  snout;  generally  no 
other  head  markings,  e.xcept  sometimes 
very  inconspicuous  light  stippling  on 
the  top  plates.  Dorsal  scales  generally 
light  stippled  in  the  apical  region,  rarely 

with  a  single  light  spot  or  border  9 

More  ventrals  and  subcaudals.  Ventrals: 
166-211  (Si),  173-219  (99).  Sub- 
caudals 31-58  (Si),  24-44  (99). 
Throat  light  colored  (except  in  some 
Ethiopian  populations).  Light  band 
around  the  snout  narrow  or  absent;  when 
it  is  absent,  light  vermiculations  gen- 
erally present  on  top  head  plates;  when 
it  is  present,  the  head  plates  are 
generally  uniform.  Dorsal  scales  gen- 
erally with  a  single  apical  white  spot 
or  white  border,  rarely  with  light  dots 
or   \ermiculations    10 

9.  Fewer  \entrals  and  subcaudals   (in  males 

only).  Ventrals:  134-148  (  i  i),  144- 
156  (99),  but  168  in  one  specimen 
with  black  annuli  from  Rhodesia  ( pre- 
sumably a  different  subspecies).  Sub- 
caudals: 27-31  (  i  i),  18-30  (99). 
Ma.ximum  size  ±  25  cm.    Southeastern 

Tanzania,  Mozambique,  Zambia  

L.  semiannule  Peters 

More  ventrals  and  subcaudals  ( in  males 
only).  Ventrals:  155-174  (Si),  161- 
178  (  9  9  ).  Subcaudals:  32-39  (S  S), 
22-31  (99).  Maximum  size  36  cm 
(  c5  c5  ),  50  cm  (99).  Sudan  to  south- 
eastern  Tanzania   through   Uganda   and 

Kenya  L.   depressirostre  Laurent 

10.  Sides  of  the  body  ( ventrals  and  2  or  3 
rows  of  dorsal  scales )  and  sides  of  the 
head  light  colored;  \  ertebral  and  para- 
xertebral  scales  sometimes  also  light 
colored.  More  ventrals  than  the  sym- 
patric  populations  of  L.  capciisc:  197 
(S),    206-214     (9  9).      Southwestern 


Angola  and   southwest  Africa  

L.  heUmichi  Laurent 

Sides  of  the  body  dark  like  the  back;  no 
light  vertebral  band.  Fewer  ventrals 
in  South  Africa,  Angola,  Rhodesia  and 
Zambia:  167-188  (  S  S),  173-190 
(99)   L.  capense  11 

11.  Generally  no  light  band  around  the  snout, 

but  light  vermiculations  or  small  dots 
on    the    top    head    plates     (prefrontals, 

frontal,   parietals)'   12 

Generally  a  narrow  light  band  around  the 
snout,  but  no  light  \  ermiculations  or  dots 
on   the   head   plates   16 

12.  Fewer    subcaudals,    the    difference    being 

diagnostic  in  males:  31-42  (  S  S  ),  24- 
39  (99).  Belly  generally  light  colored. 
Dorsal  scales  sometimes  light  stippled, 
altiiough  more  generally  with  only  a 
single  spot  or  border  of  irregular  out- 
line     13 

More  subcaudals:  43-58  (Si),  33-44 
(99).  Belly  dark  colored.  Dorsal 
scales  never  light  stippled,  always  with 
a   single   spot   or  border   14 

13.  More  ventrals:     180-188   (  i  S),  188-190 

(99).  More  subcaudals  in  females: 
30-39.  Belly  always  light.  Never  a 
light     line     around     the     snout.      South 

Africa   L.    capense   capense   Smith 

Fewer  ventrals:  167-180  (  S  S  ),  173-184 
(99).  Fewer  subcaudals  in  females: 
24-37.  Belly  sometimes  dark  and  some- 
times a  light  line  around  the  snout  with- 
out head  vernn'culations  in  northern  pop- 
ulations. From  southwest  Africa  to 
southern  Congo  through  Angola,  Bechu- 

analand,   Rhodesia  and   Zambia  

L.  capense  multimaculatum  Boettger 

14.  Top  of  the  head  dark  with  light  dots  and 

vermiculations.      More    \entrals:      182- 
211     (S  S),     192-219     (99).      Con- 
tinental East  Africa  and  Zanzibar  15 
Top    of   the   head    light    with   dark   spots. 
Fewer    ventrals:      172     (  S),     179-180 

(99).     Pemba    Island    

L.    capense   pembanum    Laurent 

15.  Fewer  ventrals:    182-195  (  S  S  ),  192-203 

(99).  Fewer  subcaudals:  43-52 
(  S  S  ),     33-41      (99).      Southeastern 

Tanganyika    to    southern    Malawi    

L.   capense   vermiculatmn    Laurent 

More  ventrals:  193-211  (  c5  <^  ),  20.5-219 
(9  9).  More  subcaudals:  47-58  (i  i), 
38-44  (99).  Coastal  Kenya  to  north- 
ern    shore     of     Lake     Nyasa     through 


"  Exceptions  make  it  useful  to  try  both  alterna- 
tives when  the  origin  of  the  specimens  is  un- 
known or  doubtful. 


480        Bulletin  Museum  of  Comparative  Zoology,  Vol.  136,   No.   12 


Tanzania   highlands   — . 

L.  capense  loveridgei  Laurent 

16.  Fewer    ventrals:      166-180     (  S  S),    173- 

188  (  9  9  ).  Somewhat  fewer  sub- 
caudals:  31^2  (S  S),  24-37  (  9  ?  ). 
Sometimes  toj^  head  vermiculations  pres- 
ent, as  well  as  a  light  stippling  on  dorsal 

seales    17 

More  ventrals:  178-192  (  S  S  ),  184-206 
(99).  Somewhat  more  subcaudals: 
34-45  as),  28-38  (99).  Top  head 
vermieulations  very  rarely,  and  light 
stippling  on  dorsal  seales  never  present. 
Tlnoat  always  light  and  belly  always 
dark.  From  northwestern  Tanzania  to 
Sudan  and  western  Ethiopia  through 
northeastern    Congo,    Burundi,    Rwanda, 

western    Kenya   and    Uganda   

L.  capcnsc  jacksoni  Boulenger 

17.  ihioat   liglit    (belly   light  also   in  southern 

populations).  Snout  light  line  generally 
absent,  top  head  plates  generally  with 
light  vermieulations.  Southern  Congo, 
Angola  and  Zambia  .  Northern  popula- 
tions of  L.  cai)ensc  inith'unaculutuin  Boettger 
Throat  dark  as  well  as  the  belly.  Snout 
liglit  line  generally  present;  light 
Ncrniieulations  sometimes  present  on  the 
top  iiead  plates.  Somalia  and  eastern 
Ethiopia  .       L.   capense  subsp. 
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DISTANCE  BETWEEN  EYE  AND  MOUTH 

Figure    11.      Eye   diameter   in    relation    to   its   distance   from   the   mouth,     in     East    African    species    of    Lycophidion.      This    once 
allegedly    key   character    is   actually   very    poor. 
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Figure     12.      Range     of     the     East    African     species     and     subspecies     of     the     genus     Lycophidion. 
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ADDITIONAL  SCYTHIAN  AMMONOIDS  FROM  AFGHANISTAN 


BERNHARD  KUMMEL 


INTRODUCTION 

The  Lower  Triassic  fonnations  and 
faunas  of  Afghanistan  were  essentially  un- 
known until  publication  of  the  recent  mono- 
graph by  Kuinmel  and  Erben  ( 1968 ) .  That 
report  was  based  on  field  observations  and 
collections  made  by  H.  K.  Erben  at  Kotal-e- 
Tera,  near  the  village  of  Altimur,  90 
kilometers  southeast  of  Kabul,  Afghanistan 
(Fig.  1).  In  that  monograph  the  Triassic 
section  at  Kotal-e-Tera  was  shown  to  consist 
of  a  relatively  thin,  gray  limestone  unit 
containing  an  ammonoid  fauna  of  mid- 
Scythian  (Owenites  Zone)  age.  This  gray 
limestone  sequence  overlies  dolomites  of 
Permian  age  and  is  overlain  by  black  lime- 
stones that  contain  ammonoids  of  Anisian 
age. 

In  August  of  1966  I  had  the  opportunity 
to  visit  Kotal-e-Tera  and  make  additional 
observations  and  collections  on  these 
Triassic  formations.  The  most  important 
result  from  the  visit  was  the  discovery  in 
the  uppermost  part  of  the  lower  Triassic 
(Scythian)  limestone  formation  of  a  Sub- 
columbites  fauna  of  late  Scythian  age. 
The  paper  by  Kummel  and  Erben  was  sub- 
mitted in  November,  1964,  and  was  in  press, 
thus  this  new  information  is  presented  here 
as  a  separate  contribution. 
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STRATIGRAPHY 

Triassic  formations  crop  out  extensively 
in  the  general  region  of  the  village  of 
Altimur  and  around  Kotal-e-Tera.  The 
road  from  Kabul  to  Gardez  ( 12  kms  south 
of  Altimur)  crosses  the  main  band  of  out- 
crops. There  is  an  excellent  exposure  of 
the  Permian  and  Triassic  formations  on 
the  east  side  of  the  Kabul-Gardez  road.  At 
this  outcrop  I  was  able  to  measure  the 
following  section   ( Fig.  2 ) : 

K7.  Mudstone,  black,  calcareous, 
contains  abundant  ammo- 
noids which,  however,  gen- 
erally cannot  be  extracted. 
Unit  overlain  by  alluvium, 
thickness  given  is  only  that 
of  beds  exposed.  50  feet 

K6.    Limestone,    light    to    dark 


Bull.  Mus.  Comp.  Zool,  136(13):    483-509,  May,  1968        483 


484        Bulletin  Museutn  of  Comparative  Zoology,  Vol.  136,  No.  13 


g;  h  a 


Figure  1.      Locality  map  of  northeastern  Afghanistan  showing  location  of  Kotal-eTera. 


Kray,  made  up  of  shell 
I  raiments,  matrix  of  fioc- 
^raiiK'd  calcitc,  luiil  \cry 
hard;  contains  abundant 
ammonoids  hut  preserva- 
tion poor  and  ver\  difficult 
to  extract.  1 1 


K5.  Limestone,  red,  massive, 
\('ry  fine  _u;rained.  dolomitic 
in  patches,  with  abundant 
shell  fragments;  contains 
ammonoids  but  these  are 
difficult  to  extract  from  the 
rock. 
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Figure  2.  Columnar  section  of  uppermost  Permian  and 
Triassic  strata  cropping  out  along  the  east  side  of  tfie 
Kabul-Gardez    road    at    Kotal-e-Tera. 


K4.  Limestone,  gray,  made  up 
of  shell  fragments,  with  very 
fine-grained  matrix,  thin 
bedded,  unit  weak,  no 
fossils  seen.  2 

K3.  Limestone,  gray,  made  up 
of  shell  fragments  with  very 
fine-  to  fine-grained  matrix, 
partly  dolomitic;  contains 
abundant  ammonoids.  40 

K2.  Dolomite,  buff  to  gray,  fine- 
to  medium-grained,  upper 
part  red  in  color;  contains 
abundant  ammonoids.  35 

KL  Dolomite,  gray,  massive, 
no  fossils  seen,  unit  poorly 
exposed.  16 

Bed  Kl  of  the  above  section  is  just  the 
upper  part  of  the  Permian  formations  ex- 
posed at  Kotal-e-Tera  and  is  in  fault  con- 
tact with  bed  K2.  The  Owenites  fauna 
described  by  Kummel  and  Erben    ( 1968 ) 


is  present  in  beds  K2  and  K3.  From  this 
outcrop  and  from  that  on  the  west  side  of 
the  Kabul-Garde/,  road,  Kummel  and 
Erben  ( 1968 )  recognized  the  following 
species   of  ammonoids: 

Pseudosiiiicceras  muhiJohatum  Noetling 
Siibinyoites  cf.  kushmiricus  (Diener) 
SubvisJuuiites  weltcri  Spath 
Xenodiscoidcs  cf.  jahatum  (Waagen) 
Dieneroceras  knecJiti  ( Hyatt  and  Smith ) 
Chjpeoccras  t/udisJitJiira  (Diener) 
Eoptycliitcs  sp.  indet. 
Oiccnitcs  kocnoii  Hyatt  and  Smith 
Owenites  shivini   (Popov) 
Paranannites  aspenensis  Hyatt  and  Smith 
Jiwenites  sp.  indet. 

AnohisJuniiites  ang,itstecostotus  (Welter) 
Meekocero.s  iirac'ditatis  White 
Arctoceras  musJd)aeh(inum  (White) 
llcmiprionites  hungeri  Kummel 
Anasd)U'ites    kiuii^iunus    (Waagen) 

My  new  collections  from  the  Ouenitcs 
beds  at  Kotal-e-Tera  contain  four  additional 
species  which  are  described  here.  These  are 

Juvenites  cf.  septentrionalis  Smith 
Wyoviingites  aplanatus  (White) 
Hemiprionites  iijpus  (Waagen) 
Wasatchites  sp.  indet. 

Beds  K5  and  K6  contain  a  Sid)cohnnhites 
fauna.  Though  bed  K4  yielded  no  fossils  it 
is  lithologically  more  related  to  beds  K5 
and  K6  than  to  the  underlying  units.  The 
major  part  of  the  fossil  collections  was 
obtained  from  bed  K6.  This  Subeolumhites 
fauna  includes  the  following  species: 

Pseudosageceras   muUiJohatum   Noetling 
Suhvishnuites  sp.   indet. 
Subvishniiites  cf.  enveris  ( Arthaber) 
Xenoceltites  sp.   indet. 
Proearn ites   koken i    ( Arthaber ) 
Isculitoidcs  cf.  originis  (Arthaber) 
Subcohimbites  })eninisn}ithi   ( Arthaber ) 
Vickohlerifcs  cf.  sundaicus  (Welter) 
MeropcUa   cf.   pJejanae   Renz   and   Renz 
Albanites  triudicus   (Arthaber) 
KeyserJingites  sp.  indet. 
LeiopJiyUites  sp.  indet. 
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Figure  3.  Index  map  of  localities  where  faunas  of  Owenifes  Zone  age  fiave  been  reported.  (1)  Lower  limestone  member 
of  Tfioynes  Formation  in  soutfiwestern  Montana,  southeoitern  Idafio,  and  northern  Utah;  (2)  Thaynes  Formation  of 
northeastern  Nevada  and  west-central  Utah;  (3)  Moenkopi  Formation  of  southwestern  Utah;  (4)  Inyo  Mountains,  south- 
ern California;  (5)  northeastern  Washington;  (6)  Sulphur  Mountain  beds  of  Alberta;  (7|  Needham  Creek  area,  British 
Columbia;  (8)  Liard  River  area,  British  Columbia;  (9)  Ellesmere  Island  and  Axel  Heiberg  Island;  (10)  Herlufsholm, 
Peary  Land;  (11)  Spitsbergen;  (12)  Olenek-Lena  River  Basin,  Siberia;  (13)  Okhotsk-Kolyma  Land,  Siberia;  (14)  Primorye 
Region  around  Vladivostok;  (15)  Iwoi  Formation  of  Kwanto  Massif,  Taho  Formation  of  Shikoku,  and  Kamuro  Formation 
of  Kyushu,  Japan;  (16)  Malakoff  Hill  Group,  Coal  Creek,  Wairakei  Downs,  South  Island,  New  Zealand;  (17)  limestone 
with  Owenites  fauna,  limestone  with  Ophiceras  crassecostofjm,  and  limestone  with  /Anos/birifes  multiformis,  Timor; 
(18)  Gua  Panjang  fauna,  Malaya;  (19)  Owenites  beds  of  Kwangsi,  China;  (20)  Hedenstroemia  fauna  of  Himalayas  in 
northern  India,  Kashmir,  and  Tibet;  (21)  upper  Mittiwali  Member  of  Mianwali  Formation,  Salt  Range  and  Surghar  Range, 
West  Pakistan;  (22)  Owenites  fauna  of  Kotal-e-Tera,  Afghanistan;  (23)  Owenites  fauna  of  northern  Caucasus  Mountains; 
(24)    Menkoceras    fauna    of   Yugoslavia;    (25)    Barabanja    fauna    of    northeastern    Madagascar. 


]^('(1  K7  is  of  Auisian  age.  Kunimel  and 
l-rl)(ii  (  196'S)  have  recorded  the  following 
animonoid.s  Iroin  tliis  unit: 

BcyiirJiitcs  l<li<niik(>fi  (Oppel) 
Dis(i)])l\icliilv.s  sp.  indet. 
Mallctoplycliilcs    nuillclianit.s    (Stolic/ka) 
(U/innitcs-  sp.  indet. 

The  Triassie  h)rniations  wt-st  of  the 
Kahul-Ciardez  road  erop  out  much  more  ex- 
tensively than  ea.st  of  the  road  hut  are  cut 
l)\  numerous  cross-faults.  The  se(|uenee  of 
units  is  the  same  as  east  of  the  road.  The 
heds  including  the  Owenites  fauna  are 
much  more  fossiliferoiis  west  of  the  road 
than  they  are  on  the  east.  However,  the 
upper   heds    with    the    Suhcohinihites    are 


much    less    fossiliferous   west   of   the    road 
than  tliey  are  to  tlie  east. 

CORRELATION   WITH   REGIONS  OUTSIDE 
OF  AFGHANISTAN 

Owenites   Fauna 

Tliis  is  one  of  the  most  \\  idespread  and 
di\('rse  of  all  Scythian  faunas.  The  major 
localities  of  the  world  where  faunas  ol  this 
age  are  known  are  plotted  on  the  map  ol 
I'Mgure  .3.  .\  plot  ol  the  distribution  ol 
the  genera  represented  in  the  Oucnifes 
fauna  at  Kotal-e-Tera  is  gi\(ii  on  T'ahle  1. 
The  papcT  by  Kumnul  and  l-^rben  (  19()<S) 
contains  a  fairly  detailed  discussion  and 
comparison   of   the    Kotal-e-Tera   (hrcnites 
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Table  1.     Geographic  distribution  of  genera  present  in  the  Owenites  fauna  at  Kotal-e-Tera, 
Afghanistan.    Symbols  in  right  hand  column  as   follows:     x,   present  only   at  this   horizon; 

-,    present    in    both    younger    and    older    HORIZONS;    1,    present   also    in    later    horizons;    e,    PRESENT 

also  in  earlier  horizons. 


fauna  with  faunas  believed  to  be  of  the 
same  age  from  other  parts  of  the  world. 
The  new  species  added  to  the  Kotal-e-Tera 
Owenites  faunal  collection  (Juvenites  cf. 
septentrionalis,  Wyomingites  aplanatus, 
Hemiprionites  tijpus,  and  Wasatehites  sp. 
indet. )  further  strengthen  the  conclusions 
arrived  at  earlier  as  to  the  affinities  of  this 
fauna.  The  species  of  Juvenites  and 
Wyomingites  are  very  common  members 
of  the  Meekoceras  fauna  of  western  United 
States.  Hemiprionites  typus  was  originally 
described  from  the  Upper  Ceratite  lime- 
stone of  the  Salt  Range  of  West  Pakistan 
(Waagen,  1895).  This  formation  also 
yielded  the  type  of  Anasibirites  kingianus 
(Waagen,  1895).  Wasatchites  is  another, 
quite  common,  member  of  the  so-called 
Anasibirites  fauna. 

In  the  Kummel  and  Erben  ( 1968 )  paper 
on    the    Kotal-e-Tera    collections,    it    was 


stated  that  there  was  complete  mixing  of 
the  Owenites  and  Anasibirites  faunas.  One 
collection  by  H.  K.  Erben  was  made  from 
the  basal  part  of  their  gray  limestone  unit 
(collection  A-3  in  Kummel  and  Erben, 
1968)  and  another  from  the  rest  of  the 
unit  ( collection  A-2 ) .  Both  collections  con- 
tain a  so-called  mixed  fauna.  During  my 
own  field  investigation  of  the  Kotal-e-Tera 
region  I  was  not  able  to  find  any  an- 
asibiritid  elements  in  my  unit  K2.  Within 
my  unit  K3,  mixing  of  the  faunas  was  very 
evident. 

Subcolumbites   Fauna 

The  Subcohimbites  fauna  of  Kotal-e-Tera 
comprises  12  species  placed  in  11  genera. 
The  list  of  species  in  this  fauna  is  given 
on  page  488.  The  geographic  distribution 
of  the   genera  is  shown   on  Table   2  and 
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TaHLE    2.       C.EOGHAPHIC    DISTRIBUTION     OF    GENERA    PRESENT  IN  THE   SUBCOLUMBITKS   FAUNA   AT  KOTAL-E- 

Tkha,  Afghanistan.  Symbols  in  right  hand  column  as  follows:  x,  present  only  at  this  hori- 
zon: -,  present  in  moth  younger  and  older  horizons;  1,  PRESENT  ALSO  IN  LATER  HORIZONS;  e,  PRES- 
ENT   ALSO    IN    EAHLILIt    HORIZONS. 


(li(  localities  ol  late  Scxthian  faunas  are 
sliown  on  the  map  of  Figure  4.  A  number 
ot  the  s[)((ics  in  this  fauna  are  prominent 
niciuhers  of  late  .Scytliian  faunas  in  several 
localities  within  Tetln  s  From  Allxmia  to 
'i'inior.  'I'herc  is  for  instance  Albanitcs 
triadicus  (Arthal)er),  first  described  from 
(he  Sulxohnnhitcs  hiuna  of  Albania  (Artha- 
1)11.  1908,  1911).  In  a  comprehensive 
treatment  ol  all  late  Scythian  ammonoids, 
Kummcl  (  IfifiSb)  has  presented  data  to 
show  (hat  all  of  the  many  species  of  the 
genus  Alhanites  that  have  l)een  pr()iM)sed 
are  in  realitx  synonyms  of  Albanitcs 
liiddicns.  in  lact  the  genus  Albanitcs  is 
monotypic  and  conlincd  to  Tethys.  In  addi- 
tion to  its  occurrence  in  the  Subcobinibilcs 
iauiia  ol  Albania  and  at  Kotal-e-Tera, 
Alghanistan,  the  species  is  i^rescnt  in  the 
SnbcolumbUcs  fauna  of  Chios  (Ren/,  and 
Henz,  1948),  the  Mangyshlak  Peninsula 
(Astakhova,  1960a,  1))  and  the  Prohunii^arites 
fauna  of  Timor.  Another  common  and 
distinctive!  species  of  late  Scythian  age  is 
Procarnitrs    kokrni.     It    is    present    in    late 


Scythian  faunas  of  Albania,  Chios,  Man- 
gyshlak Peninsula,  Surghar  Range  in  West 
Pakistan,  Timor,  and  in  Kwangsi,  China. 
An  equally  widespread  and  distinctive 
species  is  Subcobunbitc.s  pcninismithi  which 
is  known  from  late  Sc\thian  faunas  of 
Albania,  (>hi()s,  Kwangsi  and  Japan.  Iscii- 
litoidc'.s  ()rig,ini.s  is  now  known  from  the 
late  Scvthian  faunas  of  Albania,  Chios,  and 
Timor.  It  most  probably  is  also  present  in 
the  late  Sc\  thian  I  anna  of  tlic  Narmia 
Member  of  the  Mianwali  Fonnation  in  tlie 
Salt  Range  and  Surghar  Range  of  West 
Pakistan.  In  regards  to  MeropcUa,  this  is 
the  first  record  of  a  specimen  of  this  genus 
outside  of  the  Subcobinibitci  fauna  of  Chios. 
Species  of  Xcnoccltiic.s,  Subvi.shntutc.s,  and 
Lciopluillifcs  are  not  common  in  the  late 
Sc\thian.  This  is  the  lirst  record  of  a  late 
Sc\  thian  K('y.scilinii,itcs  from  Tethys,  though 
species  of  Anisian  age  are  know  n  from  the 
Himalayas  and  Timor.  Late  Sc\thian 
species  of  Kcyscilin<i.itcs  are  know  n  maiuK" 
from  the  circumarctic  region  and  western 
North  America. 
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Figure  4.  Index  map  of  localities  where  faunas  of  Prohungarites  Zone  age  fiove  been  reported.  (1)  Upper  Thaynes 
Formation,  southeastern  Idaho;  (2)  Upper  Thaynes  Formation,  west-central  Utah;  (3)  Tobin  Formation,  Tobin  Range,  Nevada; 
(4)  Subco/umbifes  fauna  Providence  Range,  southeastern  California;  (5)  Humboldt  Range,  Nevada;  (6)  Toad-Grayling  For- 
mation, northeastern  British  Columbia;  (7)  upper  Scythian  of  Ellesmere  Island  and  Axel  Heiberg  Island;  (8)  Spitsbergen; 
(9)  Olenek-Lena  River  Basin,  Siberia;  (10)  Okhotsk-Kolyma  Land,  Siberia;  (11)  Primorye  Region  around  Vladivostok; 
(12)  Osawa  Formation  near  Sendai,  Japan;  (13)  south  Otago,  South  Island,  New  Zealand;  (14)  Prohungor/'/es  fauna, 
Nifoekoko,  Timor;  (15)  Subco/umb/'tes  fauna,  Kwangsi,  China;  (16)  Prohungarites  fauna,  Kashmir,  Himalayas;  (17)  Narmia 
Member,  Mianwali  Formation,  Salt  Range  and  Surghar  Range,  West  Pakistan;  (18)  Subco/umb/tes  fauna,  Kotal-e-Tera, 
Afghanistan;  (19)  Tyur-Upa  suite,  Mangyshlak  Peninsula,  Caspian  region;  (20)  Subcolumbites  fauna  of  Chios;  (21)  Sub- 
columbites   fauna   of  Albania;    (22)    Tiro//fes   fauna  of   Campil    Member    of    Werfen    Formation. 


SYSTEMATIC   PALEONTOLOGY" 

Class  CEPHALOPODA  Cuvier,   1797 
Subclass  AMMONOIDEA  Zittel,  1884 
Family  SAGECERATIDAE  Hyatt,  1900 
Genus   PSEUDOSAGECERAS   Diener,    1895 
Type  species,  Pseuc/osageceras  multilobafum 

Noetling,  1905 
Pseudosageceras     mulfilobatum     Noetling, 

1905 

A  detailed  synonymy  of  this  species  can 
be  found  in  Kummel  (1966).  The  Siib- 
cohimbitc's  fauna  at  Kotal-e-Tera  has 
yielded  six  fragmentary  specimens;  how- 
ever, the  distinctive  character  of  the  suture 
and  conch  shape  makes  recognition  of  the 

^  Abbreviations  in  this  .section  are  as  follows: 
MCZ  =  Museum  of  Comparative  Zoology;  GPIBo  = 
Ceologisch-Palaontologisch  Institut,  Bonn;  GSI  = 
Geological  Survey  of  India. 


species  comparatively  easy.  The  Owenites 
fauna  at  Kotal-e-Tera  has  yielded  a  single 
specimen  of  this  species.  No  other  species 
of  Scythian  ammonoid  is  as  long  ranging 
or  as  widespread  geographically.  It  is 
present  in  most  ammonitiferous  deposits  of 
Scythian  age. 

Occurrence.  Owenites  fauna  and  Suh- 
columhitcs  fauna  at  Kotal-e-Tera,  Afghani- 
stan. 

Repository.  MCZ  10166,  10173  (speci- 
mens from  Subcohimhites  fauna). 

Family  FLEMINGITIDAE  Hyatt,  1900 
Genus  SUBVISHNUITES  Spath,  1930 
Type  species,   Subvishnuifes  welteri  Spath, 

1930  (=  Vishnuifes  sp.  Welter,  1922) 
Subvishnuifes  sp.  indet. 

Plate  2,  figure  14 

Two  small  specimens  of  only  fair  preser- 


490 


Bulletin  Museum  of  Comparative  Zoology,  Vol.  136,  No.  13 


'^    B 


^-'  F 


/N 


Figure  5.  Diagrammatic  representation  of  Scythian  ammonoids  from  Kotale-Tera,  Afghanistan.  A,  Subco/umbifes  per- 
riniimithi  (Arthaber)  at  a  diameter  of  14  mm,  MCZ  10138;  B,  Isculttoides  cf.  originis  (Arthaber)  at  a  diameter  of 
16  mm,  MCZ  10140;  C,  V/c/coh/erifes  cf.  sundaicus  (Welter)  at  a  diameter  of  20  mm,  MCZ  10141;  D,  Vickohlerifes 
sundaicus  (Welter)  at  a  diameter  of  30  mm,  holotype  GPIBo  231;  E,  Keyser/ingites  sp.  indet.,  at  a  diameter  of  20  mm, 
MCZ  10143;  F,  Albanilei  friodicus  (Arthober)  at  a  diameter  of  45  mm,  MCZ  10145;  G,  A/bonifes  tnadicus  (Arthaber) 
at  a  diameter  of  26  mm,  from  a  weathered  specimen,  MCZ  10136;  H,  Xenocelfites  sp.  indet.,  at  a  diameter  of  20 
mm,  MCZ  10137;  I,  LeiophYlHtes  sp.  indet.,  at  o  whorl  height  of  15  mm,  MCZ  10151;  J,  Wyoming/fes  oplonotus  (While) 
at  a  diameter  of  42  mm,  MCZ  10163. 


valioii  arc  ii)  the  collection.   The  distinctive  diameter.      The    unfignred     .sptvimen     ha.s 

featnrcs  are  the  compressed,  smooth,  evo-  regnlar  coiling  and  measures  ahout    IT  mm 

lute    conch,    and    the    acute    venter.     The  in   diameter.    The  suture   is   not    picserved 

specimen  which  is  illustrated  has  ellipitical  on  either  of  the  speciminis. 
coiling    and    measures     about    20    mm     in  Most  records  ol  species  of  this  genus  are 
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based  on  few  and  generally  poorly  pre- 
served specimens.  The  genus  appears  to  be 
most  common  in  the  mid-Scythian  Oicenites 
Zone.  The  type  species,  SuhvisJinuitcs 
luelteri,  is  from  an  Oicenites  fauna  of  Timor. 
It  is  now  known  from  the  same  horizon  in 
the  Caucasus  Mountains  (described  as 
Parinijoites  mastykensis  Popov,  1962),  at 
Kotal-e-Tera,  Afghanistan  ( Kummel  and 
Erben,  1968),  and  from  South  Island,  New 
Zealand  (Kummel,  1959).  The  Cohimbites 
Zone  contains  a  single  Siberian  species,  de- 
scribed as  Inijoites  eiekitensis  Popov  (1962), 
which  is  quite  similar  to  an  indeterminate 
form  in  the  Cohimbites  fauna  of  southeast 
Idaho  (Kummel,  1968b).  The  Narmia 
Member  of  the  Mianwali  Formation  in  the 
Surghar  Range  of  West  Pakistan  contains 
poorly  preserved  and  indeterminant  species 
of  Subvishniiites  (Kummel,  1966).  The 
horizon  containing  these  specimens  is  of 
ProJumga rites  Zone  age. 

All  the  records  to  date  on  species  of  this 
genus,  and  especially  on  the  specimens  from 
the  Cohimbites  and  Prohungarites  zones, 
are  woefully  incomplete.  The  specimens 
all  display  smooth,  compressed,  evolute 
conchs,  with  acute  venters.  Any  detailed 
analysis  of  this  genus  and  its  species  will 
have  to  await  the  discovery  of  more  abun- 
dant and  better  preserved  specimens. 

Oceurrence.  Subcoliimbites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.  MCZ  10150  (PI.  2,  fig.  14), 
MCZ  10147  (unfigured  specimen). 

Subvishnuites  cf.  enveris  (Arthaber) 

Plate  1,  figures  8,  9 
Xenaspis  enveris  Arthaber,   1911:    230,  pi.  20(4), 
figs.  3a,  b. 

A  single  fairly  well  preserved  specimen 
in  the  collection  is  very  similar  to  the  speci- 
men from  the  Subcohimbites  fauna  of 
Albania  assigned  by  Arthaber  (1911)  to 
Xenaspis  enveris.  It  is  unfortunate  that 
Arthaber's  type,  and  only  specimen,  of  this 
species  is  apparently  lost,  because  the  illus- 
tration is  a  retouched  photograph.  I  have 
personally   examined   and   studied   the   re- 


maining specimens  studied  by  Arthaber 
(1908,  1911);  the  preservation,  in  hard,  red 
limestone,  often  obscures  shell  features  and 
the  specimens  are  very  difficult  to  prepare; 
this  fact  makes  all  of  Arthaber's  illustrations 
suspect. 

My  specimen  measures  45  mm  in  diam- 
eter, approximately  20  mm  for  the  width  of 
the  adoral  whorl,  21  mm  for  the  height, 
and  11.7  mm  for  the  width  of  the  umbilicus. 
The  whorl  sides  are  broadly  arched,  con- 
verging on  to  a  rounded  venter.  The  whorl 
sides  bear  widely  spaced  radial  ribs  that 
commence  and  are  most  conspicuous  on 
the  umbilical  shoulder  and  decrease  in 
intensity  toward  the  venter  which  is  smooth. 
The  adoral  half  volution  has  four  such  ribs. 
The  ribs  are  likewise  present  on  the  inner 
whorls  as  far  as  they  are  preserved.  The 
umbilical  shoulder  is  abruptly  rounded  and 
the  umbilical  wall,  nearly  vertical.  Un- 
fortunately, no  trace  of  the  suture  is  pre- 
served on  any  part  of  the  specimen. 

Arthaber's  specimen  of  Xenaspis  enveris 
is  slightly  more  evolute  than  my  Afghan 
specimen  (34  per  cent  versus  27  per  cent) 
and  has  an  acute  venter  on  the  adoral  part 
of  the  living  chamber.  The  ribbing,  ac- 
cording to  Arthaber,  is  developed  only  on 
the  living  chamber.  The  absence  of  ribs 
on  the  phragmocone  could  well  be  a  matter 
of  preservation.  The  suture  of  the  Albanian 
specimen  consists  of  two  denticulated  lat- 
eral lobes  (Arthaber,  1911:  pi.  20(4),  fig. 
3c). 

It  appears  quite  probable  that  the 
Albanian  Xenaspis  enveris  is  not  conspecific 
with  the  Afghan  specimen  recorded  here, 
though  they  are  most  probably  congeneric; 
however,  the  assignment  of  these  specimens 
to  the  genus  Subvishnuites  is  open  to  ques- 
tion. The  type  species  of  Subvishnuites  is 
based  on  a  single  specimen  from  the 
Oicenites  fauna  of  Timor.  It  is  an  evolute 
form  with  an  acute  venter,  and  with  smooth 
lateral  areas.  Conspecific  forms  have  been 
described  by  Kummel  (1959:  443)  from  an 
Oicenites  fauna  of  South  Island,  New  Zea- 
land, by  Popov  (1962b:    42,  as  Parimjoites 


492        Bulletin  Museum  of  Comparative  Zoology,  Vol.   136,  \o.   13 


mastijkensis)  from  an  Owenites  fauna  of 
the  Caucasus  Mountains,  and  by  Kummel 
and  Erben  ( 1968)  from  the  Owenites  fauna 
of  Kotal-e-Tera,  Afghanistan.  In  addition 
the  Owenites  Zone  of  Kwangsi,  China, 
contains  SiihuisJinuites  tientungensis  Chao 
(1959).  The  specimen  from  the  Dieneroceras 
Zone  of  Siberia  (Popov,  1962a)  described 
as  Inyoites  eiekitensis  is  a  species  of  this 
genus.  The  Cohimhites  Zone  of  southeast 
Idaho  has  yielded  one  fragmentary  speci- 
men that  is  quite  similar  to  the  Siberian  S. 
eiekitensis.  The  Narmia  Member  of  the 
MianvN'ali  Formation  in  the  Trans-Indus 
Surghar  range  of  West  Pakistan  has  yielded 
fragmentary  specimens  of  this  genus  de- 
scribed as  S.  sp.  indet.  by  Kummel  (1966). 
Tliese  specimens  are  of  late  Scythian 
Proltiin<j,eiitcs  Zone  age. 

All  of  the  species  and  specimens  of  the 
Siihvi.shnuites  mentioned  above  are  smooth 
forms  with  acute  venters.  The  Albanian 
Xena.spis  enveris  and  the  Afghan  specimen 
recorded  here  have  prominent  radial  ribs 
beginning  on  the  lunbilical  shoulder  and 
decreasing  toward  the  venter.  A  case  could 
be  made  that  tlie  Albanian  and  Afghan 
species  are  generically  distinct  from  the 
more  tyjiical  species  of  Sul)visJinitites.  How- 
ever, data  are  so  incomplete  on  both  the 
Albanian  and  Afghan  specimens  that  it 
would  be  imprudent  to  establish  a  new 
genus  with  either  of  these  specimens  as 
type.  Because  of  these  factors  and  because 
there  are  no  other  late  Scythian  genera  to 
which  these  six'cimens  have  any  similarity, 
it  seems  best  to  assign  them  to  Suhvislnuiitcs. 

Oecurrence.  Siihcohinihites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repusitonj.  MCZ  10148  (PI.  1,  figs.  8,  9). 

Family  XENOCELTITIDAE  Spath,  1930 

Genus  XENOCELTITES  Spath,   1930 

Type    species,    Xenoce/f(7es    subevolutus 
Spath,    1930 

Xenoce/f/fes  sp.  indet. 

Plate  2,   figures    11-13 

The  genus  Xenoeeltites  is  ver\'  common 


and  widely  distributed  in  the  mid-Scythian 
Owetiites  Zone.  In  the  overlying  Cohnnhites 
Zone  there  is  only  one  species,  namely  X. 
speneei  (Smith,  1932).  In  the  uppermost 
Scythian,  Pro]iunii.arites  Zone,  there  are 
only  three  recorded  occurrences  of  species  of 
this  genus.  Tliere  is  first  of  all  Xenoeeltites 
sinuatus  (Waagen)  from  the  Narmia  Mem- 
ber of  the  Mianwali  Formation  in  the  Salt 
Range  of  West  Pakistan  (Kummel,  1966). 
From  Kwangsi,  China,  Chao  ( 1959 )  has 
described  Xenoeeltites  erenoventrosus  from 
a  Subeolumbites  fauna.  Finally,  Kiparisova 
( 1961 )  identified  X.  s))itsbergensis  from  a 
SubeuhunJ)ites  fauna  in  the  Primorye  Re- 
gion. In  all  three  of  these  reported  occur- 
rences, the  species  are  established  on  very 
few  specimens  that  in  addition  are  only 
of  poor  to  fair  preservation. 

The  Subeoluinbites  fauna  of  Kotal-e-Tera 
has  yielded  three  fragmentary  specimens 
of  fair  preservation  that  clearly  are  xeno- 
celtitids  but  which  cannot  be  assigned 
with  confidence  to  a  particular  species. 
The  conch  is  moderately  evolute  with  com- 
pressed whorls  that  are  convergent  to  a 
narrowly  rounded  venter.  The  flanks  bear 
forward-projecting  constrictions.  The  su- 
ture is  shown  on  Figure  511.  These  Afghan 
specimens  are  quite  similar  to  the  frag- 
mentary specimens  Kummel  ( 1966 )  has 
described  from  the  Narmia  Member  of  the 
Mianwali  Formation  in  the-  Surghar  Range 
of  West  Pakistan.  Xenoeeltites  sintiatus 
(Waagen)  from  the  same  horizon  in  the 
adjacent  Salt  Range  is  known  onl\  Irom 
four  fragmentary  and  generalK  poorK' 
preserved  specimens.  Thes(>  are  all  much 
larger  than  the  specimen  of  Xenoeeltites 
sp.  indet.  Irom  the  Surghar  Range  and  the 
Afghan  specimens  recorded  here,  making 
direct  comparison  dillicult  and  tenuous. 
Th(>  species  Irom  Kwangsi.  C'liina,  .\. 
crenoLCntrosus  Chao  (1959),  is  based  t)n  a 
single,  Iragmentary  specimen  of  poor  pres- 
ervation. In  this  species  the  constrictions 
are  very  marked  on  the  venter.  The  two 
specimens  assigned  1)\  KijxuisoNa  (1961) 
to  v.  spitsbciL:.ensi.s  arc  (initc  siinilai'  to  the 
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type  of  that  species  from  the  Owenites 
Zone  of  Spitsbergen.  In  this  species  the 
wliorls  are  more  rounded  and  the  con- 
strictions broader  and  more  widely  spaced. 

The  genus  Xenoceltites  is  thus  now 
known  from  late  Scythian  faunas  at  four 
localities,  but  each  record  leaves  much  to 
be  desired,  and  comparisons  are  very  diffi- 
cult. 

Occurrence.  Subcolumbites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.  MCZ  10137  (PI.  2,  fig.  11), 
MCZ  10157  (PI.  2,  figs.  12,  13),  MCZ  10169 
( unfigured  specimen ) . 

Family  PROPTYCHITIDAE  Waagen,  1895 
Genus   PROCARNITES   Arthaber,    1911 
Type  species,  Parapopanoceras  kokeni 

Arthaber,  1908 
Procarnites  kokeni  (Arthaber)    1908 

Plate   1,  figure   16 

Parapopanoceras  kokeni  Arthaber,  1908:  259,  pi. 
11(1),  figs,  la-c,  2a,  1). 

Hedenstroemia  sp.  Arthaber,  1908:  284,  pi.  3, 
fig.  2. 

Procarnites  kokeni  (Arthaber),  1911:  215,  pi. 
17(1),  figs.  16,  17,  pl.  18(2),  figs.  1-5;  Diener, 
1915:  228:  Diener,  1917:  167;  C.  Renz,  1928: 
155;  Spath,  1934:  181,  fig.  55;  Renz  and  Renz, 
1947:  61;  Renz  and  Renz.  1948:  81;  pi.  8, 
figs.  5,  6-6a,  7-7a,  8-8a,  9-9a,  pl.  9,  figs.  2-2a; 
Kummel,  in  Arkell  et  al,  1957:  L138,  fig.  171, 
4;  Kmnmel,  1966:    390,  pl.  2,  figs.  10-13. 

Procarnites  kokeni  var.  evohita  Renz  and  Renz, 
1947:  61;  Renz  and  Renz,  1948:  82,  pl.  9, 
figs.    1-la. 

Procarnites  kokeni  var.  panteleimonensis  Renz  and 
Renz,  1947:  61,  78;  Renz  and  Renz,  1948:  82, 
pl.  8,  figs.  3-3a,  pl.  9,  figs.  3-3a. 

Procarnites  acutus  Spath,  1934:  183,  pl.  5,  figs. 
4a,  b  {^Hedenstroemia  sp.  Arthaber,  1908: 
284,  pl.  3,  fig.  2);  Chao,  1959:  89,  255,  pl.  32, 
figs.  8,  9,  pl.  33,  figs.   1-8. 

Procarnites  skanderbegis  Arthaber,  1911:  216, 
pl.  18(2),  figs.  6,  7;  Diener,  1915:  229;  C. 
Renz,  1928:  155;  Spath,  1934:  182;  Renz  and 
Renz,  1947:  61;  Renz  and  Renz,  1948:  82, 
pl.  8,  figs.  4-4a. 

Procarnites  andrusovi  Kiparisova,  1947  ( Bajarunas, 
1936,  nom.  mid.):  132,  pl.  28,  figs.  2-4,  text- 
figs.  11-13;  Astakhova,  1960b:    149. 

Procarnites  oxtjnostus  Chao,  1959:  88,  254,  pl.  32, 
figs.  1-7,  10-12,  text-figs.  28a-d. 


This  is  another,  rather  common  and 
distinctive  species  in  late  Scythian  faunas 
of  Tethys  and  closely  related  regions.  My 
collections  from  the  Siibcolumbites  fauna 
of  Kotal-e-Tera  contain  two  specimens  of 
rather  poor  preservation.  The  distinctness 
of  the  conch  shape  and  suture  of  this  species 
makes  identification  easy.  The  specimen 
which  is  illustrated  on  Plate  1,  figure  16  has 
a  diameter  of  51  mm  and  an  umbilical 
diameter  of  9  mm.  The  second  specimen 
is  not  quite  as  well  preserved  but  does 
show  the  suture  which,  though  weathered, 
is  clearly  that  of  this  species. 

A  complete  analysis  of  all  species  of 
Proco  mites  can  be  found  in  Kummel 
(1968b).  The  long  synonymy  reflects  a 
great  deal  of  misconception  regarding  this 
species.  Examination  of  Arthaber's  ( 1908, 
1911)  original  types  from  Albania  and  the 
large  collection  of  this  species  from  Chios, 
studied  by  Renz  and  Renz,  has  given  a 
clearer  perspective  to  the  nature  of  varia- 
tion in  this  species.  On  the  basis  of  this 
analysis  it  can  readily  be  established  that 
within  Tethys  there  is  only  a  single  species 
of  Procarnites,  namely  Procarnites  kokeni. 
This  species  is  also  known  from  Kwangsi, 
China  (Chao,  1959),  where,  however,  an- 
other unique  species  of  this  genus  is  also 
present,  namely  the  specimen  described  as 
Digitophyllites  stini  (Chao,  1950,  1959). 
MegaphyUites  immaturus  Kiparisova  (1947) 
from  the  Primorye  Region  and  Procarnites 
modestus  Tozer  ( 1965 )  from  British  Co- 
lumbia I  believe  to  be  one  and  the  same 
species,  differing  from  P.  kokeni  in  the 
presence   of  constrictions. 

Occurrence.  Subcolumbites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.  MCZ  10154  (Pl.  1,  fig.  16), 
MCZ  10155,  10171  (unfigured  specimens). 

Family  PARANANNITIDAE  Spath,   1930 
Genus  JUVENITES  Smith,   1927 
Type  species,  Juvenites  krafffi  Smith,  1927 
Juvenites  cf.  septentrionalis  Smith,   1932 

Plate  3,  figure  1 
Jttveiiites  septentrionalis  Smith,  1932:    110,  pl.  31, 
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figs.   31-40;    Kummel    and    Steele,    1962:     687, 

pi.   100,  figs.   1-11. 
Jiwenites   sanctorum    Smith,    1932:     110,    pi.    31, 

figs.  22-30. 
Nannitc's  sinuostis  Kiparisova,   1947:     141,  pi.  28, 

figs.  6-8. 
Nannitc.s  simuh^tis  var.  prc.s.'iula  Kiparisova,   1947: 

141,  fig.  27. 

Thi.s  species  is  one  of  the  more  common 
and  (listinctixf  forms  in  the  Owenitcs 
Zone  of  western  United  States.  My  collec- 
tions from  the  Otroiifcs  fanna  at  Kotal-e- 
Tera,  Afghanistan,  contain  a  single,  slightly 
crushed  individual  that  does  not  show  a 
suture.  However,  the  uniqueness  of  the 
conch  shape  and  pattern  of  rilibing  is  such 
that  there  is  every  reason  to  bcHeve  it  is 
\er\'  closely  related  to  /.  scptcntrionaUs  if 
not  conspecific  w  ith  it.  Kummel  and  Steele 
( 1962 )  have  given  data  on  the  range  of 
intraspecific  variation  that  is  present  in  at 
least  one  jiopulation  of  this  species.  On 
the  basis  of  these  data  I  fail  to  see  the 
distinctness  of  Nanniics  sinuo.sti.s  Kiparisova 
(1947)  Irom  an  OwcnUc.s  fauna  in  the 
Caucasus  Mountains.  There  is  some  simi- 
larit\'  between  /.  scptcntrionalis  and  the 
Himalayan  /.  Jicrbcrti  (Diener),  /.  hindo- 
sfauu.s  (Diener),  and  /.  mcdiu.s  Krafft 
and  Diener.  Evaluation  of  the  differences 
among  these  species  is  difficult  since  the 
lliitialayan  species  were  based  on  only  one 
or  (wo  specimens  per  species.  Similar  forms 
have  ])een  described  from  the  beds  with 
Oiccnites  egrcclicn.s  in  Timor  b\'  Welter 
(1922). 

Occurrence.  Owcnilcs  fauna,  Kotal-e- 
Tera,  vXfghanistan. 

Rcpo.sitorij.    MCZ   10162  (PI.  3,  fig.  1). 

Genus  ISCUUTOIDES  Spath,  1930 

Type    species,    Isculites    originis    Arthaber, 
1911 

Isculitoides  cf.  originis  (Arthaber) 

Plate  1,  figures  12-15 

I.Miilitcs  oriuiiiis  Ailliaher,  1911:  259,  pi.  23(7), 
figs.  1-10;  Diener,  1915:  157;  C.  lUii/.,  1928: 
155;  Knta.ssy,  1933:  .540;  Renz  and  Renz,  1947: 
60;  Renz  and  Renz,  1948:  .33,  pl.  13,  figs.  7-7a, 
9-9a,  11-1  lb,  12-121),  pl.  14,  figs.  6-6a,  9-9a. 


Isculitoides   originis, — Spath,    1934:     198,    pl.    14, 

figs.  2a-d,  text-figs.   59b,  e. 
Isctdites  globidtis  Renz  and   Renz,    1947:     60,  74; 

Renz  and  Renz,    1948:     34,  pl.   34,   figs.   4-4a, 

5-5a,  8-8b,  10-lOe,  11-1  lb. 
Isculites  antiglohulus  Renz   and    Renz,    1947:     60, 

74;    Renz    and    Renz,    1948:     35,    pl.    13,    figs. 

1-la,    lO-lOa,    pl.    13,    figs.    2-2a,    3-3a,    5-.5a, 

8-8a. 
Isculites   glohulus-originis    Renz   and    Renz,    1947: 

60,    Renz    and    Renz,    1948:     35,    pl.    13,    figs. 

6-6a,  pl.   14.  figs.  1-la,  2-2a,  .3-3a. 
Isculites    filo})ulus-antigl()hulus     Renz    and     Renz, 

1947:     60;    Renz   and    Renz,    1948:     35,   pl.    13, 

figs.   4-4a,   pl.    14,   figs.   7-7a. 

Two  incomplete,  but  fairh  well  pre- 
served, specimens  in  the  collection  are 
closely  allied  but  most  probably  not  con- 
specific  w  ith  Iscidifoides  ()ri<i,ini.s.  The  conch 
is  highly  involute  and  with  depressed 
whorls.  The  lateral  areas  and  the  \enter 
are  broadly  rounded.  The  umbilical  shoul- 
der is  subangular  and  the  umbilical  wall 
nearly  vertical.  The  suture  is  shown  on 
Figure  5B. 

Isculitoides  ori^iui.s  is  one  of  the  most 
common  species  in  the  Su1)cohnuhitcs  fauna 
of  Chios.  A  complete  restudy  of  the  very 
large  collection  assembled  b)-  Renz  and 
Ren/  has  been  undertaken  by  Kummel 
(1968b).  In  that  review  are  included  the 
documentation  and  discussion  to  show  that 
this  species  disphus  a  large  degree  of  varia- 
tion in  w  idth  of  the  conch  and  in  size  of 
the  umbilicus.  In  the  Chios  population  of 
Isctditoidcs  oriiiinis,  the  umbilical  slioulder 
is  always  well  rounded,  even  in  the  more 
depressed  forms,  in  contrast  to  the  sub- 
angular  umbilical  shoulder  of  tiie  speci- 
mens recorded  here.  Among  the  known 
species  of  Isctditoidcs,  onl\-  orif!.inis  from 
Chios  is  known  Irom  a  large  ninnber  ol 
s])ecimens.  The  same  species  is  also  (juite 
abundant  in  the  Sid)coJutnhi{cs  fauna  of 
-Vlbania,  where  Arthaber  (1911)  records 
54  specimens  in  his  collections.  This  same 
species  (oriiiinis)  is  also  known  from 
Nifoekoko,  Timor  (Spath,  1934:  198).  The 
genus  Isctditoidcs  is  r(>]iresented  in  the 
Narmia  Information,  in  the  Salt  Range  of 
West  Pakistan  (Kummel,  1966).    However, 
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because  of  poor  preservation  the  specific 
affinity  of  these  Pakistan  specimens  cannot 
be  determined.  The  late  Scythian  fauna  of 
Kwangsi,  China,  contains  IsculitoicJcs  el- 
Upticus  Chao  ( 1959 ) .  This  appears  to  be 
a  more  compressed  form.  The  late  Scythian 
of  the  Primorye  Region  contains  Isculitoides 
stiboviforniis  Kiparisoya.  (1954,  1961).  This 
species  has  a  highly  depressed  whorl  sec- 
tion but  is  otherwise  quite  like  the  Afghan 
specimens  recorded  here.  The  upper 
Thaynes  formation  of  southeast  Idaho  con- 
tains a  species  of  Isculitoides  that  is  quite 
like  the  specimens  described  here  ( Kummel, 
196Sb).  The  Tobin  Formation  of  Nevada 
also  contains  a  new  species  of  Isculitoides 
but  this  is  quite  different  from  the  Afghan 
forms  (Kummel,  1968b).  Finally  Isculitoides 
minor  Tozer  (1965)  from  British  Columbia 
is  quite  similar  to  the  Kwangsi  /.  ellipticus 
and  the  forms  from  the  Thaynes  Formation 
of  southeast  Idaho.  Small  globular  am- 
monoids, as  Isculitoides,  are  very  difficult 
forms  to  study.  Few  large  populations  of 
Isculitoides  are  known;  most  species  of  this 
genus  are  known  from  small  and  often 
poorly  preserved  samples;  at  the  same  time, 
howe\'er,  the  genus  is  represented  in  most 
late  Scythian  faunas  and  in  some  of  these 
it  is  a  dominant  form. 

Occurrence.  Suhcolumhifes  fauna  at 
Kotal-e-Tera,  Afghanistan. 

Repository.  MCZ  10140  (PI.  1,  figs.  14, 
15),  MCZ  10149  (PI.  1,  figs.  12,  13),  MCZ 
10167   (unfigured  specimen). 

Genus  SUBCOLUMBITES  Spath,  1930 
Type   species,    Columbites   perrinismithi 

Arthaber,    1908 
Subcolumbites   perrinismithi    (Arthaber) 

Plate  1,  figures  1-3 

Columbites  perrinismithi  Arthaber,  1908:  pi.  12, 
fig.  1;  Arthaber,  1911:  262,  pi.  23(7),  figs. 
19,  20;  Diener,  1915:  112;  C.  Renz,  1928: 
155;  Renz  and  Renz,  1947:  59;  Renz  and  Renz, 
1948:    20,  pi.  11,  figs.  7-7a. 

Siibeolumhites  perrinismithi, — Spath,  1930:  77; 
Spath,  1934:  203,  pi.  12,  figs.  5a,  b;  Kummel,  in 
Arkell  et  al.,  1957:     140,  figs.   172,   15a,  b. 


Columbites  europaeus  Arthaljer,  1908:    278,  pi.  12, 

fig.    2;    Arthaber,    1911:     261,    pi.    23(7),    figs. 

13-18;  Diener,  1915:    112;  C.  Renz,  1928:    155; 

Renz    and    Renz,    1947:     59;    Renz    and    Renz, 

1948:  19,  pi.  11,  figs.  3-3a,  4-4a,  5-5a,  6-6a. 
Subcohimbites  europaeus, — Spath,  1934:    204,  pi. 

12,  figs.  6a,  b,  text-fig.  62c. 
Columbites  europaeus  perrinismithi  Renz  and  Renz, 

1947:     .59;    Renz  and   Renz,    1948:     20,   pi.    11, 

figs.  1-lb,  2-2b. 
Columbites   mirditensis   Arthaber,    1911:     263,   pi. 

24(8),  figs.  2,  3,  4;  Diener,  1915:    112;  C.  Renz, 

1928:     155;    Renz  and    Renz,    1947:     .59;    Renz 

and  Renz,  1948:    21. 
Subcohimbites   mirditensis, — Spath,    1934:     205. 
Subcohimbites  l<wangsianus  Chao,  1959:    128,  304, 

pi.  30,  figs.  14-17,  text-fig.  41c. 
Columbites  asi/mmetricus  Chao,   1959:     127,  303, 

pi.  30,  figs.   10-13. 
Subcohimbites    cf.     perrinismithi, — Bando,     1964: 

99,  pi.  3,  figs.  18,  19,  pi.  4,  fig.  3. 

This  very  distinctive  species  is  repre- 
sented in  the  collection  by  two  fragmentary 
specimens.  The  larger  of  the  specimens 
( PI.  1,  fig.  1 )  shows  the  typical  fine,  for- 
wardly  projecting  ribbing  of  the  species. 
On  the  smaller  specimen  the  ribbing  is 
only  faintly  developed  but  this  appears  to 
be  due  mainly  to  preservation.  The  smaller 
specimen  has  a  diameter  of  15  mm,  and 
at  that  stage  the  venter  is  broadly  rounded. 
Due  to  faulty  preservation  one  can't  be 
sure  if  the  venter  of  the  larger  specimen 
sharpens,  at  least  a  little,  as  in  some  of  the 
specimens  of  this  species  from  Albania 
and  Chios.  The  suture  (Fig.  5A)  is  visible 
on  the  smaller  of  the  specimens  and  is 
quite  typical  for  the  species. 

This  species  is  a  common  member  of 
latest  Scythian  faunas  from  Albania,  Chios, 
Kwangsi,  and  Japan.  The  synonymy  given 
above  reflects  the  multiplicity  of  names 
that  have  been  introduced  for  this  species. 
Restudy  of  all  the  critical  type  collections, 
except  those  from  China,  clearly  shows  the 
real  relationship  of  all  these  forms.  A 
thorough  discussion  of  this  species  is  given 
in  Kummel  (1968b). 

Occurrence.  Subcolumbites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.  MCZ  10138  (PI.  1,  figs.  2, 
3),  MCZ  10146  (PI.  1,  fig.  1). 
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Genus  VICKOHLERITES  Kummel,   1968 
Type   species,   Prenkites   sundaicus   Welter, 

1922 
Vickohlerites  cf.  sundaicus  (Welter) 

Plate   1,  figure  4 

Prenkites  sumlaicus  Welter.  1922:  150,  pi.  168 
(14),  figs.  18-21;  Knta.ssy,  1933:  621;  C.  Renz, 
1945:  301;  Renz  and  Renz,  1947:  60;  Renz 
and  Renz,  1948:  29,  pi.  12,  fig.  1;  Chao,  1959: 
306. 

"Prenkites"  sundaicus, — Spatli,  1930:  77;  Spath, 
19.34:    188,209. 

Vickohlerites  snndaicus, — Kummel,  1968a:  9,  pi. 
1,  fig.s.  6,  7. 

A  .single,  incomplete  .specimen  in  the 
collection  is  allied  to  the  specimen  from 
Timor  assigned  to  Prenkites-  snndaicus  by 
Welter  (1922)  and  wliich  Kummel  (1968a) 
selected  as  the  type  of  his  new  genus 
Vickohlerites.  The  specimen  on  hand  has 
a  diameter  of  approximately  43  mm.  The 
venter  on  the  inner  whorls,  at  a  diameter 
of  appro.ximateh'  20  mm,  is  distinctly 
flattened  with  rounded  \entral  and  umbili- 
cal shoulders.  The  maximum  width  of  the 
whorl  is  at  the  midline  of  the  lateral  areas. 
Oil  (he  following  volution,  at  a  diameter 
oi  ai^proximately  25  mm,  the  venter  is 
arched  but  the  cross  section  of  the  whorls 
is  still  much  broader  than  high.  At  the 
maximum  diameter  of  the  specimen  the 
venter  is  more  highK'  arched  and  the  width 
and  breath  of  the  whorls  more  equal  in 
{liiiK  nsions.  y\t  this  diameter  also  the  maxi- 
mum  width   is  at   the   umbilical    shoulder. 

Tile  type  specimen  of  Prenkites  sundaicus 
from  Timor  has  dej)ressed  whorls  at  all 
.stages,  though  the  degree  of  depression  de- 
creased adorally.  Likewise,  throughout  the 
ontogeny  of  the  Timor  specimen  the  maxi- 
mum width  is  at  th(>  umbilical  shoulder. 
Also  the  umbilical  shoulder  is  acutely 
rounded  in  all  growth  stages. 

The  suture  on  the  Afghan  spc>ciinen  is 
reproduced  on  Figure  5C.  The  first  lateral 
lobe  is  entirely  on  the  venter,  the  second 
lateral  lobe  is  on  the  lateral  area  and  the 
auxiliary  lobe  is  on  the  umbilical  wall.  The 
suture    of    the    holotype    of    VickoJderitcs 


sundaicus  is  reproduced  on  Figure  5D.  The 
number  of  elements  in  these  two  sutures  is 
the  same  but  the  shape  of  the  saddles  and 
lobes  and  the  pattern  of  denticulation  are 
quite  different.  This  raises  a  question  as  to 
whether  this  Afghan  specimen  is  even  gen- 
erically  allied  to  the  type  of  Vickohlerites 
sundaicus  from  Timor.  There  is  a  degree  of 
similarity  in  the  pattern  of  the  suture  of 
this  Afghan  specimen  to  the  suture  of 
Zenoites  represented  in  the  Suhcolumhites 
fauna  of  Chios.  Zenoites,  however,  is  a 
genus  characterized  by  strong  constrictions 
and  these  are  not  present  on  my  Afghan 
specimen.  Likewise,  the  suture  of  the 
Afghan  specimen  is  similar  to  that  of 
Chioceras,  another  unique  genus  of  the 
'Subcolumhites  fauna  of  Chios.  Here  again 
though,  there  is  a  striking  difference  in 
conch  morphology,  as  Chioceras  has  a 
prominent  ventral  keel. 

Critical  comparison  of  the  Afghan  and 
Timor  forms  is  difficult  as  each  is  repre- 
sented by  a  single  specimen.  There  is  an 
overall  similarit\'  between  the  two  speci- 
mens, but  intriguing  differences  in  whorl 
shape  and  suture.  The  specimens  are  surely 
specifically  distinct  and  perhaps  even  gen- 
erically.  However,  the  Afghan  specimen 
is  too  poorly  preserved  to  be  selected  as 
the  type  of  a  new  species  and  genus.  The 
identification  given  here  reflects  its  closest 
affinities  based  on  the  data  a\ailable. 

Occurrence.  Subcolumhites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.    MCZ  10141  (I'l.  1,  fig.  4). 

Genus  MEROPELLA   Renz   and   Renz,    1947 

Type  species,  Arianifes  [Meropeiia)  plejanae 

Renz  and  Renz,  1947 
Meropeiia  cf.  plejanae  Renz  and   Renz 

Plate  1,  figures  10,  11 

Ariduitf's  (McropeUa)  plejanae  Renz  and  Renz, 
1917:  67,  79;  Renz  and  Ren/.  1948:  95,  pi. 
3,  ligs.  .3-3b,  11-1  111. 

Meropelhi  plejanae, —  Kummel,  in  Aikeil  et  al., 
1957:     1,1  10,  lig.   172,    12. 

This  genus  and  species  had  previously 
been  known  only  from  a  few  specimens  in 
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the  StibcoJumJ)itc's  fauna  of  Chios.  The 
specimen  recorded  here  is  incomplete  and 
somewhat  poorly  preserved.  The  diameter 
is  18  mm,  width  of  adoral  whorl  about  9 
mm,  height  about  4  mm  and  the  umbilical 
diameter  is  approximately  10  mm.  The 
whorls  are  depressed,  with  a  broadly  arched 
venter  and  narrow,  rounded,  lateral  areas. 
This  Afghan  specimen  differs  from  the  Chios 
forms  in  its  highly  depressed  whorls.  In  the 
Chios  specimens  the  width  and  height  of  the 
whorls  are  approximately  equal.  The  su- 
ture is  only  vaguely  discernible  on  my 
specimen.  On  the  ventral  region  one  can 
see  a  narrow  lanceolate  ventral  lobe,  ad- 
joined by  a  phylloid  first  lateral  saddle 
and  then  the  first  lateral  lobe.  A  second 
lateral  lobe  straddles  the  ventral  shoulder, 
and  a  small  auxiliary  lobe  is  vaguely  in- 
dicated on  the  umbilical  wall.  The  base 
of  the  lobes  are  not  observable  so  the 
nature  of  the  denticulation,  if  any,  is  not 
known.  The  Chios  M.  })Icjauae  has  this 
same  general  suture  pattern. 

Occurrence.  SuhcoIum])ites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Rcpo.siton/.  MCZ  10142  (PI.  1,  figs.  10, 
11). 

Family  MEEKOCERATIDAE  Waagen,   1895 

Genus  WYOMINGITES  Hyatt,   1900 

Type  species,  Mee/coceras  aplanafum  White, 

1880 
Wyomingifes  aplanatus  (White) 

Plate  3,  figures  12-14 

Mcckoceras  aplauatum  White,  1879:  112;  1880: 
112,  pi.  31,  figs,  la,  b,  d  (not  c);  Smith,  1904: 
373,  pi.  41,  figs.  4-6;  Hyatt  and  Smith,  1905: 
146,  pi.  11,  figs.  1-14,  pi.  64,  figs.  17-22,  pl. 
77,  figs.  1,  2. 

Meekoceras  (Gywnites)  aplanatum, — Diener,  1915: 
196. 

Xcnodiscus   aplanatus, — Mojsisovics,    1886:     75. 

Xcnaspis  ?  aplauata, — Waagen,   1895:    290. 

Ophiceras  aplanatum, — Freeh,  1902:  631;  1908, 
pi.  61,  fig.  1. 

Flemingitcs  aplanatus, — Smith,  1932:  51,  52,  pi. 
11,  figs.  1-14,  pi.  22,  figs.  1-23,  pi.  39,  figs. 
1,  2,  pi.   64,   figs.    17-32. 

Wyomingitcs  aplanatus, — Hyatt,  1900:  556;  Spath, 
1934:     250,  251,  fig.  84;   Kummel,   1954:     185; 


Kumnu'I,    in    Arkell    et    al.,    1957:      L142,    figs. 
175,  7a-e. 
Wyuntingitt's  cf.  aplanatus, — Kummel,  1959:    444, 
figs.  5,  6;   Kummel  and  Steele,   1962:     696,  pi. 
99,  figs.  3,  4. 

My  collections  from  the  Owenites  Zone 
at  Kotal-e-Tera  contain  five,  more  or  less 
fragmentary,  specimens  of  only  fair  preser- 
vation of  this  species.  The  largest  speci- 
men has  a  diameter  of  approximately  65 
mm.  The  species  is  comprised  of  forms 
with  compressed,  evolute  conchs  and 
flattened  venter;  the  whorl  sides  are  only 
slightly  arched.  The  suture  is  shown  on 
Figure  5J. 

This  species  was  first  described  on  the 
basis  of  specimens  from  the  Meekoceras 
limestone  of  southeast  Idaho,  and  is  quite 
common  in  the  Owenites  Zone  of  western 
United  States.  The  Afghan  specimens 
recorded  here  agree  in  all  essential  features 
to  the  specimens  from  western  United 
States.  Though  I  have  fairly  extensive  col- 
lections of  this  species  from  the  Meekoceras 
limestone  of  southeast  Idaho,  most  speci- 
mens are  too  incomplete  to  yield  significant 
measurements.  I  can,  however,  match  my 
Afghan  specimens  to  those  from  Idaho  with 
no  difficulty.  The  suture  also  is  essentially 
the  same  except  for  what  appears  to  be  a 
more  highly  developed  auxiliary  series  on 
the  umbilical  shoulder  and  wall.  It  is,  how- 
ever, quite  similar  to  the  suture  reproduced 
by  Smith  (19.32:  pl.  22,  fig.  3)  for  a  speci- 
men of  this  species  from  southeast  Idaho. 
My  own  collections  of  this  species  from 
southeast  Idaho  show  that  there  is  con- 
siderable variability  in  the  shape,  length, 
and  pattern  of  denticulation  of  the  auxiliary 
lobe.  In  summary,  I  can  observe  no  sig- 
nificant differences  between  these  Afghan 
specimens  and  those  of  W.  aplanatus  from 
western  United  States.  I  would  also  include 
here  the  fragmentary  specimen  from  the 
small  Owenites  fauna  of  South  Island,  Ne\A- 
Zealand  (Kummel,  1959).  In  addition  it 
is  highly  possible  that  the  specimen  from 
the  Arctoceras  fauna  of  Spitsbergen,  as- 
signed by  Stolley  (1911:    123,  pl.  9,  fig.  5) 
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to  Meekoceras  (Gi/ronites)  aplanatum  White, 
is  correctly  identified.  Spath  (1934:  251) 
considered  this  identification  wrong  and 
suggested  that  these  forms  should  be  refer- 
able to  Svalhaidiccim  Frebold.  This  change 
in  generic  assignment  was  strongly  in- 
fluenced by  his  belief  that  the  Arctoceras 
fauna  of  Spitsbergen  was  late  Scythian  in 
age.  Kummel  (1961)  has  presented  argu- 
ments to  establish  that  the  Arctoceras  fauna 
of  Spitsbergen  is  of  mid-Scythian,  Owcnitcs 

Zone,  age. 

Occurrence.  Owenites  fauna,  Kotal-e- 
Tera,  Afghanistan. 

Repositori/.  MCZ  10161  (PI.  3,  fig.  13), 
NK:Z  10163  (PI.  3,  fig.  14),  MCZ  10164 
(PI.  3,  fig.  12),  MCZ  10172  (unfigured 
specimens ) . 

Family   NORITIDAE   Karpinsky,    1889 

Genus  ALBANITES   Arthaber,    1909 

Type  species,  Pronorites  triadicus  Arthaber, 

1908 
Albanites   friadicus    (Arthaber) 

Plate   2,   figures    1-9 

Vnnunitvs  triadicus  Artliaher,  1908:  264,  pi.  11, 
Hks.  la-c;  ArtlialuM",  1911:  204,  pi.  17(1), 
fijis.  8,  9;  Dii-niM-,  1915:  231;  C.  Ren/.,  1928: 
155;  Kutassy.  1933:  624;  Wvu/.  and  Renz,  1947: 
61:  Hen/,  and  Renz,  1948:  84,  pi.  14,  fijis.  14- 
141). 

Alhanitrs    triadicus, — Spatli,    1934: 

ProiKiritcs    osiuanictis    ArtlialxT, 
17(  1),    iiii.    10;    Dii^ncr,    1915: 
1928:     155. 

Alixmitcs  (isiiKiiiicus, — Spath,  1934: 

I'roitoritrs  cf.  osiuauicus, —  Renz  and  Rcnz,  1947: 
62;  Ri-nz  and  Rcnz,  1948:    86,  pi.  15,  figs.  6-6c. 

I'rotioritrs  arhaiius  ArtlialxT,  1911:  20.5,  pi. 
17(  1),  li«s.  11,  12;  Dwuvr,  1915:  230;  WVltcr, 
1922:  94,  pi.  15.5,  fig.s.  10-14;  C.  Rcnz,  1928: 
255;  Kntassy,  19.33:  624;  C:.  Rcnz,  1945:  301; 
Rcnz  and  Renz,  1947:  61;  Rcnz  and  Rcnz, 
1948:  8.5,  pi.  14,  tigs.  1.3-131),  1.5-1.5b,  pi.  15, 
ligs.  .5-.5c. 

Alhanitcs   uriiauus, — Spath,    1934:     277. 
I'roudiitcs    (iilxDius    var.    tucditcnancd     Rcnz    anil 
Rcnz,    1947:     62;    Rcnz    and    Renz,    1948:     85, 
pi.  14,  tigs.  12-121). 
I'ronoritcs  spec.  ind.  e.\  all.  arhani, — Welter,  1922: 

95,  pi.    1.55(1),   fig.   9. 
.\nasihirit('s  gracilis  Kiparisoxa,   1947:     164,  pi.  39, 
tigs.  .3,  4,  te.\t4igs.  60,  61. 


27.5,    fig.    95. 
1911:      20.5,    pi. 
231;    C.    Renz, 

276. 


Pronorites  arhanus  var.  sundaica  Rcnz  and  Renz, 

1948:    85. 
Albanites  welteri  Spath,  1934:    278. 
Pronorites    orientalis   Renz   and    Renz,    1947:     62;  , 

Renz   and   Renz,    1948:     86,   pi.    15,   figs.   2-2b.         j 
Pronorites  shauhi  Renz  and  Renz,    1947:     62,  78; 

Renz  and  Renz,  1948:    87,  pi.  15,  figs.  4-4a. 
Pronorites  shauhi  var.   timorensis  Renz  and   Renz, 

1948:    87. 
Pronorites  shauhi  var.   kephalovuucnsis   Renz  and 

Renz,  1947:    62,  78;  Rcnz  and  Renz,  1948:    87, 

pi.  15,  figs.  .3-3a. 
Pronorites  reicheli  Renz  and  Renz,   1947:    62,  79; 

Renz   and    Rcnz,    1948:     88,   pi.    15,   figs.    1-lc. 
Alhanites  danis))anensis  (Astakho\a)    1960a:     143, 

pi.  34,  figs.  4,  5;  Astakhova,  19601):     150. 
Aspidites  hasserti  Arthaber,  1911:    249,  pi.  21(5), 

fig.  16;  Spath,  19.34:    275. 
Meekoceras  (Koninckites)  hasserti, — Diener,   1915: 

198. 
Daiinoceras    komanum    Arthaber,    1911:     242,    pi. 

21(5),  fig.  11;  Diener,  1915:    115:  Smith,  1932: 

65;  Spath,  19.34:    269,  275. 
Pseudosihirites  efr.  dichotomus  Waagen,  Arthaber, 

1911:    2.54,  pi.  22(6),  fig.  8. 
Anasibirites  efr.  dichotomus, — Arthaber,  1911:  273. 
Si])irites  cf.   dichotomus, — Diener,   1915:     255. 

This  species,  though  never  occurring  in 
any  great  abundance,  is  present  in  most  of 
the     late     Scythian     faunas     known     from 
Tethys.   Justification  and  discussions  of  the 
long  synonymy  of  this  species  is  given  in 
Kummel   (1968b).    There  have  been  seven 
spccii's  and  four  variety  names  introduced 
for  this  group.    Aside  from  extremely  nar- 
row conceptions  of  species,  poor  preserva- 
tion and  preparation  of  specimens  accounts 
for    at    least    .some    of    the    multiplicity    of 
names.    The  Siihcoltim])ites  fauna  ol  ivotal- 
e-Tera    has   yielded   six   specimens   ot    this 
species,    five   of    which    are    illustrated    on 
Plate  2,  figures  1-9.    Tin-  sutures  from  two 
of  the  specimens  are  shown  on  Figures  5F, 
(;.    Th(>  smallest  of  these  specimiMis  has  a 
diameter  of  21  mm  and  the  largest  a  diam- 
eter of  approximateU-  47  mm.   All  the  speci- 
mens   are    phragmocones.     The    flattened 
venter  with  distinct  cross  ridgt's  is  a  con- 
spicuous feature  of  this  species.   One  speci- 
men   (PI.   2,   figs.   S,  9)    has   slightb-   more 
romided  ventral  shoulders.    This,  however, 
is  a  \ariation   that  can   readily  be  seen   in 
the  larger  .\lbauian  and  CHiios  populations 
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of  tliis  species.  None  of  tlie  specimens 
preserve  a  perfect  suture  due  to  factors  of 
weathering  and  the  natine  of  the  preserva- 
tion. However,  even  though  details  are 
olxscured,  the  suture  ( Figs.  5F,  G )  is  identi- 
cal to  that  for  other  members  of  this  species. 

As  now  understood,  Albanitcs  triad icus 
is  the  only  species  of  the  genus  AV)anitcs 
and  is  confined  to  Tethys.  This  species  is 
present  in  the  Suhcolumbitcs  fauna  of 
Albania  and  Chios,  in  the  Cohitnbitcs  Zone 
of  Astakhova  ( 1960a,  b )  on  the  Mangyshlak 
Peninsula,  the  Stibcolunibitcs  fauna  of 
Kotal-e-Tera,  Afghanistan,  and  in  the  Pro- 
litiniiarites  fauna  of  Timor. 

Occurrence.  Subcuhimbites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.  MCZ  10136  (PI.  2,  figs.  6, 
7),  MCZ  10145  (PL  2,  fig.  1),  MCZ  10152 
(PI.  2,  figs.  8,  9),  MCZ  10153  (PI.  2,  figs. 
4,  5),  MCZ  10156  (PI.  2,  figs.  2,  3),  MCZ 
10168  (unfigured  specimens ). 

Family  PRIONITIDAE  Hyatt,  1900 
Genus  HEMIPRIONITES  Spath,  1929 

Type  species,  Goniodiscus  typus  Waagen, 

1895 
Hemiprionifes  typus  (Waagen) 

Plate  3,  figures  2-9 

Goniodiscus    typus    Waagen,    1895:      128,    pi.    9, 

figs.  7-10;  Diener,  1915:     135;  Mathews,  1929: 

31,  pi.  .5,  figs.  5-21. 
llcuiipiiunitcs   typus, — Spath,    1929:     270;    Spath, 

1934:    330,  fig.  114;  Kummel,  in  Arkell,  et  al., 

1957:   L144,  fig.  177,3. 

This  species  is  represented  by  a  single 
well  preserved  specimen  of  approximately 
55  mm  in  diameter.  The  species  is  char- 
acterized by  a  highly  compressed  involute 
conch  and  a  tabulate  venter. 

The  types  of  this  species  consist  of  four, 
mainly  fragmentary,  poorly  preserved  speci- 
mens from  the  Upper  Ceratite  limestone  of 
the  Salt  Range  in  West  Pakistan.  This  is 
the  upper  part  of  the  Mittiwali  Member 
of  the  Mianwali  Formation  of  Kummel 
(1966).  The  lectotype  (Waagen,  1895:  pi. 
9,  figs.  8a-c;  PI.  3,  figs.  2,  3  of  this  report) 


is  a  very  poorly  preserved  phragmocone 
that  consists  of  only  a  portion  of  the  venter 
and  one  side  of  the  conch.  The  specimen 
measures  about  29.0  mm  in  diameter,  11.0 
mm  for  the  width  of  the  adoral  whorl,  15.7 
mm  for  the  height,  and  5.4  mm  for  the 
diameter  of  the  umbilicus.  The  poor  pres- 
ervation makes  highly  doubtful  the  presence 
of  the  cross  ridges  on  the  venter  as  in 
Waagen's  reconstruction  of  this  specimen. 
Only  parts  of  the  suture  are  visible  and 
these  are  highly  weathered.  The  three  re- 
maining paralectotypes  are  equally  poor 
specimens.  The  suture  illustrated  by 
Waagen  (1895:  pi.  9,  fig.  9)  was  taken 
from  a  small  fragment  of  whorl  section 
(PI.  3,  fig.  8)  that  is  also  weathered.  The 
illustration  of  the  smallest  of  Waagen's 
specimens  (1895:  pi.  9,  fig.  10;  PI.  3,  figs. 
6,  7  of  this  report)  is  highly  inaccurate. 
There  are  no  serrations  on  the  ventral 
shoulders  and  the  lateral  ornament  is 
nothing  more  than  very  faint  growth  lines. 
Finally,  the  illustration  reproduced  by 
Waagen  (1895:  pi.  9,  fig.  7;  PI.  3,  fig.  9  of 
this  report)  of  the  largest  of  his  specimens 
bears  little  resemlilance  to  the  actual  speci- 
men. 

The  basic  form  of  the  conch  of  my 
Afghan  specimen  is  essentially  the  same  as 
that  of  the  type  specimens  of  Waagen  from 
the  Salt  Range  of  West  Pakistan.  The 
suture  on  the  Afghan  specimen  is  not 
clearly  visible,  but  there  appears  to  be 
some  difference,  in  the  shape  of  the  saddles, 
with  the  suture  of  Waagen's  paralectotype. 
My  own  extensive  collections  from  the 
Upper  Ceratite  limestone,  and  especially 
from  Chhidru  where  Waagen  collected  his 
specimens  of  //.  typus,  contain  a  fair  num- 
ber of  specimens  of  this  species,  though 
the  preservation  is  not  much  better  than 
that  of  Waagen's  material.  However,  within 
this  collection,  variability  in  the  shape  of 
the  lobes  and  saddles  is  quite  evident. 
Though  both  the  Salt  Range  and  Afghan 
specimens  are  poorly  preserved,  I  have  no 
doubt  but  they  are  conspecific. 

Kummel  and  Erben  ( 1968 )  described  an- 
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other  species  of  Herniprionites,  II.  hungeri, 
from  the  Oicenites  beds  at  Kotal-e-Tera. 
This  species  is  very  distinct  in  the  larger 
size  of  the  umbilicus  and  transverse  ribs 
on  the  truncated  venter.  Ilcmiprionites 
timorensis  Spath  (1934:  331)  from  the 
Ancmbiritcs  beds  of  Timor  is  very  nearly 
allied  to  the  type  species,  as  are  the  Ameri- 
can species  of  Ilemiprionite.s  described  by 
Mathews  (1929)  and  the  Spitsbergen  species 
described  by  Spath  (1934).  There  is  a 
distinct  j)ossibility  that  all  these  forms  are 
conspecific;  however,  because  of  the  poor 
preservation  and  incompleteness  of  data  on 
the  Tethyan  specimens,  it  seems  best  to 
keep  them  distinct  for  the  time  being. 

Occurrence.  Owenitcs  fauna,  Kotal-e- 
Tera,  Afghanistan. 

Repo.sitonj.  MCZ  10159  (PL  3,  figs.  4,  5). 

Family  SIBIRITIDAE  Moisisovics,  1896 
Genus   WASATCHITES   Mathews,    1929 
Type  species,  Wasatchites  perrini  Mathews, 

1929 
Wasatchites  sp.   indet. 

Plate  3,  figures  10,  11 

This  species  is  represented  in  the  collec- 
tion by  two  specimens  of  fair  to  poor  pres- 
er\ati()n.  The  better  of  the  two  specimens, 
illustrated  in  Plate  3,  figures  10,  11,  has  a 
diameter  of  30.5  mm.  The  distinguishing 
features  of  the  genus  are  clearly  evident. 
These  are:  the  compressed  conch,  with 
converg(Mit  whorl  sides,  and  a  low  arched 
venter;  jirominent  umbilical  nodes  from 
which  radiate  two  ribs  that  decrease  in 
si/e  toward  the  venter.  The  suture  is  not 
preserved. 

Tlie  genus  Wasaichites  is  a  conspicuous 
member  of  the  so-called  "Anasihiritcs'  faima 
and  is  eharaeteristic  of  the  Anasihirilcs 
Snbzone  of  the  Oicenites  Zone.  All  of  the 
numerous  species  of  this  genus  look  very 
much  alike.  The  type  species  is  based  on 
specimens  from  the  Anasi})irites  fauna  of 
Fort  Douglas,  Utah  (Mathews,  1929).  My 
Afghan  specimen  is  very  similar  to  the 
type  species  and  could  very  well  be  con- 


specific  with  it.  However,  better  preserved 
specimens  are  needed  to  establish  this  rela- 
tionship with  any  degree  of  certainty. 
Species  of  this  genus  have  been  described 
from  British  Columbia  ( McLearn,  1945), 
Axel  Heiberg  Island  (Tozer,  1961)  and 
Spitsbergen  (Spath,  1934).  In  each  of 
these  areas  the  genus  occurs  within  the 
mid-Scythian  Owenitcs-  Zone.  The  genus 
is  also  present  in  the  Upper  Ceratite  lime- 
stone of  the  Salt  Range,  West  Pakistan. 

Occurrence.  Owenitcs  fauna,  Kotal-e- 
Tera,  Afghanistan. 

Repository.  MCZ  10158  (PI.  3,  figs.  10, 
11),  MCZ  10160  (unfigured  specimen). 

Genus  KEYSERUNGITES  Hyatt,   1900 
Type    species,    Ceratites    subrobustus    Moj- 
sisovics,    1885 

Keyserlingites   sp.    indet. 
Plate  1,  figures  5-7 

A  small  specimen  of  22  mm  in  diameter 
is  our  first  record  of  the  genus  Keyserlingites 
in  late  Scythian  strata  of  Teth\s.  The 
specimen  appears  to  be  all  phragmocone 
and  has  a  whorl  height  of  9  mm  and  an 
umbilical  diameter  of  7.5  mm.  The  whorl 
sides  are  slightly  convex  and  converge 
toward  a  broadb'  rounded  \enter.  The 
umbilical  shoulder  is  abruptl)  roimded  and 
the  umbilical  wall  nearly  vertical.  There 
are  large  nodes,  one  approximateU'  e\er\' 
c[uarter  \olution,  that  are  anchored  on  the 
umbilical  shoulder  and  extend  upward  on 
the  flanks.  The  most  adoral  node,  at  a 
diameter  of  21  mm,  extends  half  wa>-  aenxss 
the  lateral  arenas.  The  suture  consists  of  a 
simple  pronged  vcMitral  lobe,  a  large  first 
lateral  saddle  and  first  lateral  lobe,  and 
much  smaller  second  lateral  saddle  and 
lobe;  low,  cl(Mitic'ulat(>cl  anxiliar\-  lobe  oc- 
cupies the  umbilical  wall  (Fig.  5E).  Two 
small  specimens  of  only  fair  preservation 
arc  believed  to  be  e\c>n  youngcM-  stages  ol 
this  species.  The  specimen  illustrated  on 
Plate  1,  figures  6,  7  has  faint  indication  of 
th(>  umbilical  nodes  and  a  sutme  with  the 
basic  pattern  ol  that  of  the  larger  specimen. 
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The  general  shape  of  the  conch,  the 
nodes,  and  the  suture  identify  this  speci- 
men as  Keyserlingites.  The  specimen  is 
most  probably  a  juvenile  form.  On  the  basis 
of  studies  on  several  well  preserved  speci- 
mens of  Keyserlingites  siibrobustus  from 
British  Columbia  and  Ellesmere  Island, 
Tozer  (1965)  has  been  able  to  clarify  the 
relations  between  Keyserlingites  and  Dur- 
gaites.  Tozer's  suggestion,  however,  that 
the  Himalayan  ^'Diirgaites"  dicncri  and  the 
Timor  "D."  angustecostatus  may  be  late 
Scythian  in  age,  rather  than  Anisian,  as 
concluded  by  Diener  (1907,  1912),  Spath 
(1934)  and  Welter  (1915),  is  rejected.  The 
full  aspect  of  this  problem  has  been  dis- 
cussed by  Kummel  ( 1968b ) .  Keyserlingites 
is  known  mainly  from  the  circum-Arctic  re- 
gion where  two  species  are  present  in  late 
Scythian  strata.  One  of  these  species, 
Keyserlingites  suhrohustus  Mojsisovics,  is 
present  in  northern  Siberia,  Spitsbergen, 
Ellesmere  Island,  and  in  British  Columbia. 
A  second  species,  Keyserlingites  midden- 
dorffi  (Keyserling)  is  known  only  from 
northern  Siberia.  The  Prohungarites  fauna 
of  the  Thaynes  Formation  of  southeast 
Idaho  contains  two  species  of  Keyserlingites, 
and  the  underlying  Columhites  fauna  a 
single  species.  Zakharov  (personal  com- 
munication )  reports  the  occurrence  of  an- 
other new  species  of  this  genus  in  late 
Scythian  strata  of  the  Primorye  Region. 

Occurrence.  Stibcolumbites  fauna,  Kotal- 
e-Tera,  Afghanistan. 

Repository.  MCZ  10139  (PI.  1,  figs.  6, 
7),  MCZ  10143  (PI.  1,  fig.  5),  MCZ  10144 
( unfigured  specimen ) . 

Family  USSURITIDAE  Hyatt,  1900 
Genus   LEIOPHY LUTES   Diener,    1915 
Type    species,    Monophyllites    suessi    Moj- 
sisovics,   1882 
Leiophyllites  sp.  indet. 
Plate  2,  figure  10 

This  identification  is  based  on  a  single, 
loose,  weathered,  incomplete  specimen 
lying  on   the  strata   of  the   Prohungarites 


Zone.  The  topography  of  the  outcrop  and 
matrix  of  the  specimen  support  the  con- 
tention that  the  specimen  is  from  the 
Prohungarites  Zone.  The  specimen  consists 
of  little  more  than  a  quarter  of  a  complete 
conch  and  is  all  phragmocone.  The  inner 
whorls  are  highly  weathered,  the  outer 
whorl  to  a  much  lesser  extent.  The  evolute 
nature  of  the  conch  and  compressed  whorls 
is  clearly  evident.  These  features  of  the 
conch  plus  the  suture  (Fig.  51)  establish 
at  least  the  generic  affinity  of  the  form. 

The  genus  Leiophyllites  is  represented  in 
the  Subcolund)ites  fauna  of  Albania  and 
Chios,  in  the  Stacheites  Zone  of  Astakhova 
(1960a)  on  the  Mangyshlak  Peninsula,  in 
the  Subcolumbites  faunas  of  Kwangsi, 
China,  and  in  the  Primorye  Region.  It  is 
also  apparently  present  in  late  Scythian 
strata  of  British  Columbia   (Tozer,  1965). 

Occurrence.  Loose  specimen,  presumably 
from  Prohungarites  Zone,  Kotal-e-Tera, 
Afghanistan. 

Repository.    MCZ  10151  (PI.  2,  fig.  10). 
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PLATE  1.     SUBCOLUMBITES,   VICKOHLERITES,   KEYSERLINGITES,   SUBVISHNUITES, 
MEROPELLA,   ISCULITOIDES,   PROCARNITES 

Figure  Page 

1-3         Subcolumbites     pernmsmithi     (Arthaber]     1,     MCZ     10146,    X  2;    2,    3,    MCZ    10138,    X  2.  495 

4              Vickohlenles  cf.  sunda/cus  (Welter)  MCZ  10141,   X  1.  496 

5-7         Keyserlingiles  sp.    indef.   5,   MCZ   10143,    X  1-5;   6,   7,   MCZ    10139,     X  2.  500 

8,9         Subviihnuites  cf.  enveris  (Arthaber)  MCZ  10148,   X  1.  491 

10,  11      Meropella  cf.  plejanae  Renz  and  Renz  MCZ  10142,   X  2.  496 

12-15     Isculitoides  cf.   originis   (Artfiaber)    12,    13,   MCZ   10149,    X  2;    14,    15,    MCZ    10140,    X  2.  494 

16            Procarntles    kokeni    (Arthaber)    MCZ    10154,    XL  493 

All    specimens    from   Subco/umbifes    fauna,    Kotal-e-Tera,   Afghanistan. 
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PLATE  2.     ALBANITES,   LEIOPHYLLITES,   XENOCELTITES  AND  SUBVISHNUITES 

Figures  Page 

1-9         Albanites.   Irladicus   (Arthaber).     1,    MCZ    10145,    X  1;   2,   3,   MCZ    10156,  X  2;   4,   5,    MCZ   10153,    X  2;  6,   7, 

MCZ   10136,    X  1.5;   8,   9,   MCZ   10152,    X  2.  498 

10           Letophyllites   sp.    indet.     MCZ    10151,    X  1.  501 

11-13     Xenoceltites    sp.    indet.      11,    MCZ    10137,     X   1.5;    12,    13,    MCZ    10157,  X  2.                                                                    492 

14            Subvis/inu//es   sp.    indet.     MCZ    10150,    X  2.  489 

All  specimens  from  Subco/umb/tes  fauna,   Kotal-e-Tera,  Afghanistan. 
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PLATE  3.     JUVENITES,   HEMIPRIONITES,   WASATCHITES,   AND  WYOMINGITES 
Figures  Page 

1  Juvenites  cf.  sepfentrionalis  Smith.     From  Owen/fes   Zone,    Kotol-e-Tera,    Afghanistan.      MCZ    10162,     X  2.  493 

2,3  Hemiprionites    typus    (Waogen).      From    Upper    Ceratite    limestone     at    Chhidru,     Salt     Range,     West     Pakistan. 

Lecfotype   of   Waogen    (1895,    pi.    9,    fig.    8)    GSI    7104,    X   1.5.  499 

4,5  Hemiprionites    typus    (Waogen).     From   Owenites   Zone,    Kofal-e-Tera,    Afghanistan.      MCZ    10159,     XI-  499 

6,7  Hemiprionites    typus    (Waogen).      From    Upper    Ceratite    limestone    at    Chhidru,     Salt     Ronge,     West    Pakistan. 

Paralectotype    of    Waogen    (1895,    pi.    9,    fig.    10)    GSI    7106,     X   1.5.  499 

8  Hemiprionites    typus    (Waogen).      From    Upper    Ceratite     limestone    at    Chhidru,     Salt     Range,     West    Pakistan. 
Paralectotype   of   Waogen    (1895,    pi.    9,    fig.    9)    GSI    7105,    X   1.  499 

9  Hemiprionites    typus    (Waogen).     From    Upper    Ceratite  limestone  at  Chhidru,  Salt  Range,  West  Pakistan.     Para- 
lectotype of  Waogen   (1895,   pi.  9,   fig.  7)  GSI   7103,    X  1-  499 

10,11      Wosafchites    sp.    indet.      From    Owenites  Zone,    Koto!  o-Tera,    Afghanistan.      Ventral    and    lateral    views,    MCZ 

10158,    X  1.5.  500 

12-14      VVyoming/tes    aplanatus    (White).      From  Owenites    Zone,    Kotol-e-Tero,    Afghanistan.      Lateral    view    of    three 

specimens:      12,    MCZ    10164;    13,    MCZ  10161;    14,    MCZ    10163,    X  1.  497 
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